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Industrial Hygiene, Safety and Fire Prevention 


The war focused attention on safety, 
industrial hygiene, and fire prevention 
in industry, and many persons were 
given training courses in one or more 
of these fields. Since engineers play an 
important part in industrial operations, 
and in the design and construction of 
buildings and other projects where hu- 
man welfare is important, there is an 
increasing realization of the short- 
comings of traditional engineering 
training in fitting engineers to play 
their proper part in the safety and 
health of workers and occupants of 
buildings. 

An increasing number of persons be- 
lieve that every engineer should know 
enough about safety, industrial hygiene, 
and fire prevention to be aware of the 
problems that are involved, and to know 
when to secure expert assistance in such 
matters. One suggestion is that college 
courses be organized in each of the 
three fields. Unfortunately, curricula 
are already overcrowded, and there is 
constant pressure to include other 
things in them. Such courses do not 
seem to be possible, except as electives, 
in which only a few students would be 
reached. 

Another suggestion is that training 
in these subjects be integrated into ex- 
isting courses. This plan has much to 
commend it, but it is not easy to attain. 
Many instructors are not sufficiently 
aware of the safety and health aspects 
of their courses as to be able to present 
much of benefit without assistance. 
Textbooks are usually deficient in this 
respect. 
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Various organizations, such as the 
National Safety Council and the Na- 
tional Fire Prevention Association have 
been working on phases of this problem 
for some time. Various committees 
and other agencies have also been inter- 
ested. Some colleges have undoubtedly 
made progress, and at the present time 


four engineering colleges have organ- - 


ized Safety Engineering Departments 
in cooperation with the National Safety 
Council. 

During the past summer President 
Huber O. Croft appointed a committee 
on Industrial Hygiene, Safety and Fire 
Prevention, consisting of the follow- 


ing : 


Professor G. H. Dunstan, University 
of Alabama, Chairman 

Professor W. F. O’Connor, New 
York University 

Professor W. N Cox, Georgia School 
of Technology 

Professor J. J. Ahern, Illinois In- 
stitute of Technology 

Professor R. A. Moyer, Iowa State 
College 

Mr. W. P. Hughes, National Safety 
Council 

Mr. John Roche, National Safety 
Council 


This committee will attempt to stimu- 
late interest in these fields, as well as 
indicate sources of information to aid 
instructors in giving instruction in 
these subjects. It will attempt to avoid 
duplicating the efforts of others who 
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are interested in these fields, and in This material may be sent to Professor 
order to do so, the chairman will wel- G. H. Dunstan, Box 1996, University, 
come information and comments from Alabama. It is hoped that a report can 
any source relative to studies and com-_ be prepared in time for presentation 
ments of any nature along these lines. dat the annual meeting this summer. 





Dear Sir: 


At the Eleventh Annual Meeting of the Southwest Section, 
A.S.E.E., the following officers were elected: 
Chairman—O. A. St. Clair, Texas Technological College. 
Vice Chairman—H. C. Dillingham, A. & M. College of Texas. 
Secretary-Treasurer—W. C. May, University of New Mexico. 
Member of General Council—W. R. Woolrich, University of Texas. 


H. C. Dittincuam, Secretary. 
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A Reexamination of the Compton Report in the 
Light of Enrollment in Engineering 
Curricula, Fall of 1946* 


By HENRY H. ARMSBY 
Specialist in Engineering Education, U. S. Office of Education 


At the 54th annual meeting of the 
Society for the Promotion of Engi- 
neering Education (now the American 
Society for Engineering Education) in 
June, 1946, a committee of the Society 
under the chairmanship of Dr. K. T. 
Compton presented a report entitled 
“The Outlook in the Demand for and 
Supply of Engineering Graduates.” 
This report, which is referred to in 
this discussion as the Compton Re- 
port, represented a sincere effort to 
estimate the future demand for and 
supply of engineering graduates in the 
United States, as an aid to the engi- 
neering colleges in their planning for 
the future. 


THE Compton REPoRT 


The Compton report covered only 
the six major fields of engineering— 
aeronautical, chemical, civil, electrical, 
mechanical, and mining-metallurgical— 
without any implication that the other 
fields are less important. Only the 
needs for engineering graduates within 
the United States were taken into ac- 
count, although the committee recog- 
nized the great demand which will be 
made on the American engineering 

*Talk delivered before the Engineering 


Division of the Association of Land-Grant 
Colleges and Universities, December 16, 1946. 
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profession to help in the reconstruction 
of the devastated areas of the world. 
One hundred twenty-five industrial 
companies broadly representative of the 
nation’s industrial organization com- 
pleted and returned questionnaires sent 
out by the committee, giving certain in- 
formation about their past employment 
of engineers and estimates of their fu- 
ture needs. The returns to these ques- 
tionnaires are given in detail in the re- 
port, which appeared in the JouRNAL 
OF ENGINEERING EpucATION in Sep- 
tember, 1946. They show several very 
interesting trends, one of which,is the 
pronounced increase in the emphasis 
being placed on research and develop- 
ment by the companies answering the 
questionnaire. Practically without ex- 
ception these companies had increased 
their ratio of research engineers to 
total engineers since 1938, and expected 
to increase it still further in the future. 
The number of engineers engaged in 
research and development had increased 
by 82 per cent from 1938 to the time of 
the study, while those employed in pro- 
duction, management, and sales had 
increased by only 36 per cent. The ra- 
tio of research engineers to total en- 
gineers in 1938 was 0.76; at the time 
of the report it was 1.01; and the ratio 
among prospective employees was 1.44. 
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Not only were the companies increas- 
ing the ratio of research engineers to 
total engineers, but in the research field 
they were also increasing the percent- 
age of engineers holding advanced de- 
grees, while the opposite was true in 
the production field. 

The returned questionnaires repre- 
sented a sampling of the industrial em- 
ployment of engineers, but unfortu- 
nately the committee did not know what 
fraction of American industry was rep- 
resented by the 125 companies. The 
committee was therefore able to use 
the figures from industry only as indices 
and qualitative measures. 

To arrive at a quantitative measure 
of needs the committee turned to the 
Bureau of Labor Statistics of the U. S. 
Department of Labor, which at the time 
was engaged in a study of the need for 
engineers. The Bureau of Labor Sta- 
tistics had computed the ratio of engi- 
neers to total employment in each of the 
nation’s principal industrial activities, 
and had estimated the total employment 
in each of these activities under condi- 
tions of “full employment.” The com- 
mittee felt that it was conservative in 
assuming that these ratios would be at 
least as high in the future as in 1940, 
in spite of the fact that their values, 
after increasing from 1930 to 1940, had 
decreased from 1940 to 1944. 

The 1940 census shows that the total 
number of employed persons in the 
United States in 1940 was about 45 
million, of whom about 246 thousand 
were engineers (in addition, there were 
15 thousand engineers unemployed in 
1940). Under conditions of “full em- 
ployment” the Bureau of Labor Statis- 
tics estimated total employment at 57% 
million persons. Using the 1940 ra- 
tios in the various industrial activities 
the “full employment” needs for engi- 
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neers were found to be 337 thousand 
engineers. 

The committee assumed further that 
“full employment” would be achieved by 
1950. Since there were 261 thousand 
engineers in 1940, 76 thousand must be 
added during the decade 1940 to 1950, 
in addition to the number needed to off- 
set attrition due to death, retirement, 
and leaving the profession. 

Total attrition was estimated to be 78 
thousand for the decade, making a total 
of 154 thousand additional engineers 
needed during the decade. According 
to annual reports of SPEE about 57 
thousand first degrees were granted 
from 1940 to 1945, and it was estimated 
that 7 thousand degrees would be con- 
ferred in the Spring of 1946, making a 
total of 64 thousand degrees granted 
through 1946. There would therefore 
be needed between 1946 and 1950 an 
additional 90 thousand engineers, or 
about 23 thousand per year through 
1950. 

The committee’s estimated annual 
need is about 9.4 per cent of the number 
of engineers employed in 1940. The 
industrial questionnaires indicated an 
estimated need for annual increases of 
about 17 per cent of present employ- 
ment. The difference between these 
estimates is at least partially accounted 
for by the fact that in an individual 
company there is a fourth kind of at- 
trition which does not enter into the 
national picture—that of men trans- 
ferring from one company to another. 
This fourth type of attrition is almost 
impossible to measure but should be 
considered in comparing the Bureat 
of Labor Statistics and industrial data. 

The committee listed several reasons 
for believing that this estimated need of 
23 thousand engineers per year for the 
next four years might be too low, and 
pointed out that the 23 thousand per 
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year is ashort-term requirement. After 
full employment is achieved the annual 
need for engineers will be only the 
number needed to care for the small 
increase in population, plus the num- 
ber made necessary by further increases 
in the ratios of engineers to total em- 
ployment, plus replacements. This 
need was estimated at about 18 thou- 
sand per year, which is 50 per cent 
above the number the engineering col- 
leges were graduating prior to the war. 

Both the industrial questionnaire and 
the opinion poll, which was conducted 
by representatives of the American 
Telephone and Telegraph Company, 
bore out the increased dependence of 
industry upon engineering and indi- 
cated that future needs for engineers 
would be much larger than past needs. 

‘The report called attention to the 
large need in industry for semi-profes- 
sional workers of the type provided by 
ESMWT courses and by technical in- 
stitutes. The committee estimated that 
the short term needs for technical in- 
stitute graduates will approximate 75 
thousand per year, and expressed doubt 
as to the ability of the nation’s techni- 
cal institutes to meet this demand. 

In its study of the prospective supply 
of engineering graduates to meet these 
needs, the committee estimated the 
maximum capacity of engineering 
schools in the United States to be 155 
thousand, or 37 per cent above the pre- 
vious maximum enrollment of 113% 
thousand in 1942-43. It was assumed 
that the number of first degrees granted 
would continue to be 53.8 per cent of 
the number of registered freshmen four 
years earlier, as it was prior to 1941, 
and that the corresponding ratios for 
sophomores and juniors would continue 
to be 64.7 per cent and 71.8 per cent 
respectively. It was also assumed that 
the freshmen enrollment in engineering 
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would bear the same proportionate re- 
lation to total undergraduate enrollment 
which obtained in 1941, namely 36% 
per cent, which would mean freshmen 
classes for 1946 and 1947 of 56% thou- 
sand, on the basis of a total enrollment 
of 155 thousand. Certain assumptions 
were made as to the proportion of vet- 
erans and non-veterans who would fol- 
low accelerated curricula. 

Based on these assumptions and on 
the estimate that the current deficit 
in engineering graduates was 8 thou- 
sand, the committee worked out a tab- 
ulation showing the expected numbers 
of first degrees to be granted during 
each year up to and including 1952. . 
(See page 38 of the printed report of 
the committee.) Starting with the defi- 
cit of 8 thousand and adding the 23 
thousand estimated as needed in 1946 
gave a total demand for 1946 of 31 
thousand, which could be only partially 
filled by the 7 thousand first degrees to 
be granted in 1946, from which must be 
substracted 1% thousand whom it was 
assumed would enter graduate schools. 
This left a net deficit for 1946 of 25% 
thousand. Continuing by this process 
the committee arrived at the conclusion 
that the deficit of graduate engineers 
would be filled by 1952, and pointed 
out that “This means that the need ‘for 
continuing engineering education at an 
overload level will lessen beginning 
with the entering freshman class in 
1949.” 


ENROLLMENT IN ENGINEERING CuR- 
RICULA, FALL oF 1946 


The Compton Report listed a few of 
the many uncertain factors which in- 
fluence the future needs for and supply 
of engineers, and pointed out that the 
limit of reliability of any such estimate 
must necessarily be rather wide. How- 
ever, when this report was presented 
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few responsible persons in the field of 
education foresaw the tremendous 
numbers of veterans who would seek 
college admission in the fall of 1946. 
The estimates of the committee as to 
the prospective supply of engineers were 
based on what the engineering schools 
had stated to be their maximum capac- 
ity of 155 thousand students, including 
56% thousand engineering freshmen. 
Actual enrollment this fall is about 223 
thousand, including about 92.6 thou- 
sand freshmen! These are estimates 
based on data reported to the Secretary 
of A.S.E.E. by the institutions which 
up to December 1, 1946, had submitted 
complete reports differentiating veter- 
ans from non-veterans. Details are set 
forth in the tables which accompany this 
discussion. 

Table I contains estimates in thou- 
sands of students of the enrollment in 
all colleges and in engineering colleges 
for November, 1945, and November, 
1946. The figures covering all irtstitu- 
tions are taken from a report of the Re- 
search and Statistical Service of the 
U. S. Office of Education, based on a 
sampling survey believed to be accurate 
within 5 per cent. According to these 
estimates, college and university enroll- 
ment has more than doubled since last 
year. The enrollment of men is nearly 
four times that of last year, and of 
veterans 20 times that of last year, 
while the ratio of veterans to all men 
has increased from 14 per cent to 77 
per cent. 

The second section of Table I, deal- 
ing with engineering schools, contains 
estimates of the total engineering enroll- 
ment in the United States for the two 
years, based on the enrollment of the 
90 institutions previously mentioned. 
These enrollments were compared with 
the enrollments reported by the same 
institutions in 1945, and in order to ex- 
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TABLE I 


COMPARISON OF ENROLLMENTS IN ENGINEER. 
ING AND ALL HIGHER EDUCATION, 
1945 AND 1946 


(Estimates in Thousands of Students) 


(Prepared by Henry H. Armsby, U. §, 
Office of Education, from estimates prepared 
by the Research and Statistical Service of 
the U. S. Office of Education and data sup. 
plied by the American Society for Engineering 
Education.) December 6, 1946. 

















Novem- | Novem- | Ratio of 
Enrqllment ber ber 1946 to 
1945 1946 1945 
All Institutions 
Total Enrollment |952.0 |2078.1 2.18 
MGR cS cas ktte 370.0 {1417.6 3.84 
Women........ 582.0 660.5 1.13 
Veterans...... 50.0 {1080.4 | 20.00 
Ratio of Veterans 
x70): (<1 ar 14% 77% 5.50 
Engineering Schools 
Total Enrollment | 65.3 223.0 3.40 
| Co A 47.3 222.0 4.70 
WOME 5%. 6.555. 1.8 1.5 0.90 
Veterans. .<... 16.5 154.0 9.35 
Ratio of Veterans 
toes 6. ee 25% 69% 2.76 
Ratio of Engineer- 
ing Students to 
all Students in 
Higher Education| 6.5%] 10.6%] 1.63 














trapolate them to the entire country 
were referred back to the same institu- 
tions in 1940, the year in which the 
SPEE enrollment report covered the 
largest number of institutions, namely 
147. The assumption was made that 
the enrollment in. these 90. institutions 
would constitute the same proportion of 
the total engineering enrollment in 1945 
and in 1946 which it constituted im 
1940. 

A comparison of the ratios in the last 
column of Table I shows that the enroll- 
ment in engineering schools has in- 
creased at a greater rate than that for 
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TABLE II 


[NDERGRADUATE ENROLLMENTS IN 90 ENGINEERING SCHOOLS By CLASSES, 1945 AND 1946 



























































ENGINEER 
ATION, (Thousands of Students) 
(Prepared by Henry H. Armsby, U. S. Office of Education, from data supplied by American 
tudents) Seiety for Engineering Education.) December 6, 1946. 
sby, U. §, 
es prepared November, 1945 November, 1946 pe 
Service of Class y Total 
: ai vx bs % Sia brs vee % — X1.9 
freshman.......... 16.9 dk 30% 48.8 32.7 67% 92.6 
phomore......... 5.7 2.1 37% 30.2 | 21.8 | 72% 57.5 
yd rrr Junior ardor cin atewiarerers 3.6 1.1 31% 17.8 13.4 75% 33.8 
2 eee 2.0 0.5 25% 12.3 9.2 | 75% 23.4 
——|———_ Hf filth Year.......... — — _ 0.4 0.3 75% 0.8 
fi 2.18 # Regular Students....| 28.2 8.8 31% 109.5 77.4 71% 208.1 
6 cf.) fe 4.7 0.7 15% 7.8 cy 47% 14.9 
i, 1. 
4 aa BRE sic'ory sicisctirces 32.9 9.5 29% 117.3 81.1 69% 223.0 
% 5.50 
——|—— ff dcolleges and universities, and that 117.3 thousand reported by the 90 in- 
o | 349 fie men enrolled in engineering have stitutions. The information available 
0 | 47 § mreased faster than the men in all did not permit the computation of sepa- 
5 | 0.90 filleges. This is shown very strikingly rate factors for the various classes. 
0 | 9.35 ff inthe last figures at the bottom of the Table III is an extension of a table 
x | 2.16 thle, which show that the percentage presented in the Compton Report which 
“© |_“" J fengineering students to all college gave the distribution of engineering 
tudents has increased since last year students by classes for the year 1939-40 
fom 64% per cent to 10.6 per cent. and for April, 1946. To these distri- 
6%| 1.63 This bears out many statements and butions have been added those for 
Paes A wtimates to the effect that the veterans November, 1945, and November, 1946, 
oa vould show a very lively interest in computed from the SPEE report for 
e country tigineering as a result of their war 1945 and from the reports of 90 insti- 
ae institu.  SPetiences. tutions for 1946. The Compton Re- 
which Table II contains in columns 1, 2, port stated that in the opinion of the 
wevek an 4,and 5 the engineering enrollments in committee the distribution by classes 
s, namely the 90 institutions on which the esti- in 1939-40 was about a normal one 
nade that Mes of this report are based. Col- and that during the war this distri- 
istitutions MS 3 and 6 show the percentage of bution had become badly skewed. The 
portion of wterans to total enrollment in each distribution for November, 1945 is even 
nt in 1945 tass and for the total of the 90 in- more skewed than that quoted by the 
Hituted il stitutions. committee for April, 1946, but it is in- 
The figures in the last column of teresting to note that the distribution 
in the last Table II are obtained by multiplying for 1946 is closer to normal, and the 
he ensall the figures in column 4 by the factor distribution of veterans still closer, if 
s has 19, which is the ratio of the estimated we consider that the distribution for 


n that for 






tational total of 223 thousand to the 


1939-40 is a normal one. 
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TABLE III 





PERCENTAGE DISTRIBUTION OF UNDERGRADUATE ENGINEERING STUDENTS BY CLASSEs, 
1939 To 1946 


(Prepared by Henry H. Armsby, U. S. Office of Education, from data supplied by American 
Society for Engineering Education.) 






































All Students Veterans 
Class : 

1939-40 Nov. 1945 | Apr. 1946 | Nov. 1946 | Nov. 1945 | Nov. 1946 
Freshmen...... 34.2 57.6 aeel 44.5 57.4 42.1 
Sophomore..... 25.9 oi 23.9 240 24.1 28.2 
NAMDROE S64 o:5:5:5 5's 21.0 12.7 14.5 16.3 12.3 17.3 
RPOMIDE. <3.:2 ss: 18.0 8.2 7.9 11.2 6.0 12.0 
Pitt Year .....:... 0.9 0.3 1.6 0.5 0.2 0.4 

100.0 100.0 100.0 100.0 100.0 100.0 

Table IV is an extension of a similar parently not developed. Aeronautical 


table published in the Compton Report, 
to which have been added distributions 
for November, 1945, November, 1946, 
veterans in November, 1946, and a dis- 
tribution by classes (in columns 8 to 
The sources of these 
figures are the same as for those in 


11 inclusive). 


Table III. 


It is interesting to note that the ex- 
pected rush of veterans into aeronauti- 
cal and electrical engineering has ap- 


one per cent higher than it was 
The largest increases are in c 


engineering has’ actually declined since 
last year, and electrical engineering has 
declined since last April, although it is 


last fall, 
ivil and 


mechanical engineering, and this is par- 
ticularly true among the veterans. 


The distribution by classes is of in- 


freshman class probably is n 


TABLE IV 


terest, although the distribution of the 


ot very 


significant, since included in the 43 per 


PERCENTAGE DISTRIBUTION OF UNDERGRADUATE ENGINEERING STUDENTS BY CURRICULA, 


1910 To 1946 


(Prepared by Henry H. Armsby, U. S. Office of Education, from data supplied by American 
Society for Engineering Education.) December 6, 1946. 

















By Classes 
All Students November 1946 Veterans 
Novembet 
Curriculum 1946 
1910- | 1920—- | 1930— | 1940— | Nov. | Apr. | Nov. 
11 21 31 41 | 1945 | 1946 | 1946 | Fresh.| Soph. | Jun. | Sen. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) | (10) | (11) (12) 
Aeronautical..... — a 2.7 3.7 4.8 4.9 3.2 2.8 4.1 4.3 4.8 3.3 
Chemical........ 2.9 11.1 8.8 16.0 10.0 9.6 9.2 6.8| 11.0} 12.5] 14.9 9.2 
. ~ Jae 26.0 17.1 15.8 a1,% 11.4] 10.9] 14.9] 13.6] 184] 17.0} 15.5 18.1 
Electrical........ 18.0 18.2 21.3 15.4 16.1} 20.5] 17.1] 15.9] 21.8] 21.4] 17.6 17.3 
Mechanical...... 21.0 22.7 15.8 28.4 18.9| 21.2] 21.1] 16.3] 26.0] 28.0] 30.8 23.4 
Mining and : 
Metallurgical 8.7 6.2 2.4 4.5 1.9 2.1 1.9 1.5 2.2 3.0 2.8 2.5 
riscvcuvese 23.4 24.7 33.2 20.9 36.9| 30.8] 32.6] 43.1] 16.5] 13.8] 13.6 26.2 
100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 
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cent “others” are 34 per cent unclassi- 
fed. Many institutions do not classify 
their freshmen and of course many 
freshmen change their minds before 
they become’ sophomores. The un- 
dassified group declines to 4, 3, and 2 
per cent respectively in the sophomore, 
junior, and senior years, so that in 
these years the distribution by classes 
is probably significant. 


REVISED ESTIMATE OF PRODUCTION AND 
DEFICIT OF ENGINEERING 
GRADUATES 


Table V is a revision of the table 
under the same title which formed a 
part of the Compton Report. The 
items marked with a single star are 
copied directly from the table in the 
Compton Report. The difference be- 
tween Table V and the Compton table 
are of course caused chiefly by the 
fact that the number of new students 
in November 1946 is so much larger 
than the committee anticipated. The 
Compton Report made separate as- 
sumptions covering the educational 
plans of veterans and non-veterans. 
In Table V both groups are treated 
alike, assuming that half the freshmen 
and sophomores will follow an acceler- 
ated program. The survival ratios for 
freshmen, sophomores, and juniors are 
the same as those used by the Comp- 
ton committee. The survival ratio for 
seniors is the average ratio of first 
degrees granted in June to senior en- 
tollment the preceding November, as 
taken from the SPEE reports for 1939 
to 1943, 

The numbers of new students to 
which the survival ratios are applied 
need a word of explanation. The num- 
ber of freshmen is taken directly from 
Table II—namely the enrollment re- 
ported in 90 schools multiplied by 1.9. 
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For the sophomores it is assumed that 
¥4 of the indicated mortality of 46.2 
per cent has taken place since last 
spring, and that therefore there are now 
on our campuses 34.4 thousand sopho- 
mores who were included in the 40.7 
thousand freshmen last April. Since 
we have a total of 57.5 thousand sopho- 
mores this fall there must be 23.1 thou- 
sand sophomores who were not on our 
campuses last spring. 

For juniors and seniors it is assumed 
that 14 of the indicated mortality has 
occurred since last spring. If this 
assumption is correct there are now on 
our campuses 15.4 thousand juniors 
and 9.8 thousand seniors who were on 
our campuses in April as sophomores 
and juniors respectively. Subtracting 
these numbers from the totals for these 
classes as shown in Table II gives the 
figures shown in Table V. 

The rest of the computations in- 
volved in Table V follow the procedures 
used by the Compton committee, but 
lead to quite a different conclusion, be- 
cause of the nearly 100 thousand stu- 
dents now on our campuses in excess of 
the number anticipated by the com- 
mittee. 

The table in the Compton Report in- 
dicated that the shortage of engineers in 
this country would be met by 1952, and 
that “the need for continuing engineer- 
ing education at an overload level will 
lessen beginning with the entering 
freshman class in 1949.” The estimates 
in this reexamination indicate a sur- 
plus of engineers in the United States 
in 1949. Actually, the over-supply may 
well become evident in 1948, as will be 
pointed out. In either event, it seems 


evident that the engineering colleges are 
facing some serious problems—not in 
1949, but now. 
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TABLE V 


PROJECTED PRODUCTION AND DEFICIT OF ENGINEERING GRADUATES 


(Thousands of Graduates) 


(Prepared by Henry H. Armsby, U.S. Office of Education, from data supplied by American 
Society for Engineering Education.) December 6, 1946. 












































Production 1946 1947 1948 1949 1950 
Of those registered in April 1946 
*53.8% of the 40.7 freshmen........ a -- 10.9* 11.0* 
*64.7% of the 18.7 sophomores...... — 6.0* 6.1* — 
*71.8% of the 11.4 juniors.......... — 8.2" — — 
Of the new students in November 1946 
53.8% of the 92.6 freshmen........ — — a= 24.9 24.9 
64.7% of the 23.1 sophomores.... .. — oo 7.4 fs. 
71.8% of the 18.4 juniors.......... — — 13.3 — 
83.0% of the 13.6 seniors.......... — 11.3 — — 
Total first degrees granted.............. 10" | 255 37.7 43.4 24.9 
Less number entering graduate school... . iS: 1.0* — _ — 
Net number available for employment...} 5.5* | 24.5 37.7 43.4 24.9 
DCH OMATE 3s oy es cin eels es 8:0" | 25:5* |: 24.0 9.3 (—11.1)** 
Papua Pemand 3s. 666 sag oe sees 23:0" -| 230*: 4 250% 23.0* 18.0* 
Weteliaemang so..5 og. soe oes oe 31.0* | 48.5 47.0 32.5 6.9 
Available for employment......... 5:5" 1) 245 Stl 43.4 24.9 
Cumulative deficit to date......... 255" 24.0 9.3 (—11.1)** | (—18.0)* 
* Copied from Compton Report. ** Surplus. 


PossiBLE Errors IN New ESTIMATES 


Before discussing the problems aris- 
ing from the present enrollment in en- 
gineering colleges, it may be well to 
discuss some of the many possible er- 
‘rors in the estimates contained in this 
discussion, which might easily change 
the small deficit estimated for 1948 into 
a surplus. 

1. Only 147 schools were considered 
in deriving the factor 1.9 by which the 
enrollments in 90 schools were multi- 
plied to obtain the estimates of total en- 
rollments in engineering schools. How- 
ever, very few large schools are omitted 
from this group, and therefore this er- 
ror should be very small, and is prob- 





ably offset by a small error in the SPEE 
figures for 1940’ which was detected 
after completion of Table I. 

2. The number of degrees granted in 
1946 was estimated by the Compton 
committee at 7.0 thousand. The num- 
ber reported by the 90 schools used in 
this study is 4.5 thousand. If this be 
multiplied by the factor of 1.9 the result 
is 8.6 thousand, an increase of 1.6 thou- 
sand over the committee’s estimate. 

3. The estimated shortage of 8 thou- 
sand engineers in 1946 should not have 
been used, since it was automatically 
included in the estimate of 90 thousand 
engineers neeeded by 1950. 

4. The survival ratios used in the 
Compton Report may well be too low. 
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If so, the number of graduates will be 
larger than is indicated in Table V. 

It is almost universally agreed that 
the veterans on our campuses are doing 
a better grade of work than the average 
pre-war student did, because of their 
added maturity and earnestness of pur- 
pose. They also have greater economic 
security, because of the provisions of 
the G. I. Bill. On the other hand the 
fact that they are older and that many 
of them are married will have a tend- 
ency to make the academic mortality 
among them increase. 

The survival ratios will be affected 
toan even greater extent if the present 
pronounced trend toward engineering 
education, as indicated in Table I, con- 
tinues. The ratios were computed from 
pre-war enrollment and graduation 
statistics, and therefore included an al- 
lowance- for the students who trans- 
ferred to engineering colleges from 
other institutions. But if present large 
enrollments and widespread interest 
in engineering continue, the number of 
such transfer students will increase ma- 
terially. 

These transfer students will still fur- 
ther accentuate the grave problems al- 
ready facing the engineering colleges in 
their preparations for providing spe- 
cialized instruction in the various 
branches of engineering to the thou- 
sands of upper’ class students coming 
out of the tremendous lower classes 
now on their campuses. They will also 
produce more graduates than are indi- 
cated in Table VI. 

According to recent figures released 
by the Veterans’ Administration, 4.8 
million veterans had applied for educa- 


_tional benefits under Public Laws 16 


and 346 up to the end of October, 1946, 
and applications were being received at 
the rate of 10 thousand per day. Four 
and three-tenths million had been ap- 
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proved for training under Public Law 
346, of whom 1.8 million were actually 
in training of one sort or another and 
0.2 million had completed the period of 
training allowed them under the law. 
Of those in training 1.1 million were en- 
rolled in colleges and universities. 

It is estimated that about 74 per cent 
of the veterans who receive certificates 
of eligibility for training definitely plan 
to use them, that an additional 15 per 
cent may perhaps use them, and that the 
remaining 11 per cent probably will not 
use them. It is not known how many 
veterans will ultimately apply, but if we 
assume that only 6 million apply, and 
that only 70 per cent of these will ac- 
tually use their certificates, it will mean 
that 4.2 million veterans will be re- 
ceiving training under the G. I. Bill 
during the nine years subsequent to the 
formal ending of hostilities. If present 
ratios hold, 2.5 million of these veterans 
will attend college, of whom 270 thou- 
sand will enroll in engineering. 

No accurate figures are available as 
to the number of students whose appli- 
cations for college enrollment were de- 
nied this fall because of lack of space. 
A recent survey of opinion of respon- 
sible educators, conducted by the U. S. 
Office of Education, shows*that about 
80 per cent of those responding were 
of the opinion that the number of aca- 
demically qualified veterans unable to 
secure admission to some college this 
fall was either none or few enough not 
to constitute a serious problem, while 
about 20 per cent felt that the number 
is sufficient to be of serious concern. 
About the same ratios hold with respect 
to non-veteran high school graduates. 
Three-fourths of the respondents be- 
lieved that the steps now being taken 
within the states are adequate to care 
for all qualified applicants seeking col- 
lege admission this year. 
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The President’s Commission on 
Higher Education has indicated its 
belief that the colleges are now handling 
only about half of those qualified to at- 
tend and asked itself what steps need 
to be taken to meet the problems im- 
plied. ; 

How many students failed to gain 
admission to the college of their choice 
is another matter concerning which no 
specific information is available, but it 
is common knowledge that the number 
enrolled in temporary colleges, and the 
number of regular college freshmen 
“farmed out” by universities and col- 
leges is large, and that in another year 
or two many thousands of these stu- 
dents will be seeking transfers to spe- 
cialized divisions of colleges and uni- 
versities. Among these will be large 
numbers of students wishing to spe- 
cialize in engineering or science. 

One indicator of the interest in tech- 
nical and scientific education among 
students in non-engineering colleges is 
found in the calls for help in the ac- 
quisition of scientific and engineering 
equipment which have come to the 
Office of Education in Justifications of 
Need submitted to the field offices of the 
Veterans Educational Facilities Pro- 
gram. Here again no exact figures 
are available, but a hasty examination 
indicates that a majority of the insti- 
tutions are anticipating, or already have, 
large increases in the number of stu- 
dents enrolled in courses requiring such 
equipment. 

It seems evident that the engineering 
schools will be faced next year and the 
year after with the problem of attempt- 
ing to provide for many thousands of 
transfer students at the sophomore and 
junior levels. We always have had 
such transfer students, but their number 
seems destined to increase very largely 
during the next few years. 
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5. In the estimate of the demand for 
engineers in this country there are 
also many chances for errors, some of 


_which are pointed out in the Compton 


Report. Dr. Trytten, the Director of 
the Office of Scientific Personnel of the 
National Research Council, and I were 
responsible for the preparation of this 
part of the Compton Report. I have 
conferred with him and also with our 
consultant in the Bureau of Labor 
Statistics. The latter states that ac- 
cording to their statistics the country 
has nearly reached the theoretical “full 
employment” discussed in the Compton 
Report (disregarding current strikes), 
He says further that the separation rate 
is about as high now as it was during 
the war, indicating that many people are 
transferring from one job to another. 
He questions whether there is any 
large unfilled need for engineers at the 
present time in industry. He points 
out that a large number of people every 
year enter industry in engineering posi- 
tions without engineering degrees, and 
that unless we assume that these people 
are to be replaced later by college grad- 
uates we must consider them as engi- 
neers. The Bureau of Labor Statistics 
is still engaged in their study of the 
need for engineers in industry, and 
hopes to publish it within the next few 
months. Thus far no figures are avail- 
able from their study, but the general 
opinion is that their study will show 
a smaller need for engineers than does 
the Compton Report. 

However, Dr. Trytten and I still feel 
that our estimate in the Compton Re- 
port is probably conservative, for the 
reasons stated in the report. We still 


believe that the ratios of engineers to . 


total employment will increase as in- 
dustry becomes more and more com- 
plex and turns more and more to engi- 
neering control and to engineering and 
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gientific research. Certainly our coun- 
ty is not getting the production which 
jsneeded for the good of our country 
and of the world. If all of the available 
bor force is employed the only way to 
increase total production is to increase 
the productivity of the individual la- 
borer. This is of course quite largely 
an engineering task. 

In our original study we estimated 
that after the attainment of “full em- 
ployment” in 1950 the number of engi- 
neers needed merely to keep up with 
the growth in population and to provide 
for replacements in the profession 
would be from 10 to 12 thousand per 
year, or approximately the number of 
engineers who were being graduated 
from engineering colleges before the 
war. We mentioned the sharp increase 
inemphasis on research and develop- 
ment evidenced by the returns to the 
industrial questionnaire. This also is 
evidenced by the competition for top- 
fight scientists and engineers by gov- 
emment agencies, such as the Army, 
the Navy, the Joint Army-Navy Re- 
search Board, the Public Health Serv- 
ice, the National Bureau of Standards, 
the Veterans’ Administration, and 
others. 

This sharp increase in emphasis on 
research and development is an ex- 
tremely significant factor in any deter- 
mination of future needs for engineers, 
since it obviously points to greatly in- 
creased needs for thoroughly trained 
engineers and scientists. Some pro- 
duction jobs may perhaps be filled by 
mediocre engineering graduates or by 
competent graduates of technical insti- 
tutes, but the research and development 
positions certainly will require a higher 
type of engineer and scientist. 

All of these general trends lead us to 
believe that the Compton committee’s 
estimates of demand for engineers in 
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this country are more likely to be too 
small than too large. 


ProBLEMS FACING THE ENGINEERING 
COLLEGES 


It is my opinion that the foregoing 
estimate of the need for engineers in 
this country may be a little too small, 
but that the estimate of supply is likely 
to be too small by a higher percentage. 

No estimate was made by the Comp- 
ton committee of the demands of the 
devastated countries for American en- 
gineers. This demand may be heavy 
for a short time, but should decrease 
rapidly as the colleges and universities 
in these countries are restored to use- 
fulness. The young men of these coun- 
tries are undoubtedly seeking educa- 
tional opportunites denied them during 
the war just as eagerly as are the young 
men of our own country, and it seems 
safe to assume that the number seeking 
careers in engineering and science is at 
least comparable to that in the United 
States.. 

In any event, it is evident that there 
are serious problems facing the engi- 
neering colleges now. I should like to 
outline very briefly a few of these prob- 
lems as I see them, without attempting 
to solve them. I assume that many 
other problems will occur to you engi- 
neering educators who are “on the fir- 
ing line.” I am quite certain that the 
solutions must be worked out by you 
and your colleagues in the colleges. I 
believe that what you and your col- 
leagues do about these problems may 
have a profound effect, not merely on 
engineering education, but upon all edu- 
cation, and upon the entire national 
economy. ’ 

It seems obvious to me that this 
country is now starting on a program 
of broadening the base of higher educa- 











tion in much the same way the base of 
secondary education was broadened af- 
ter World War I. A much larger per- 
centage of our youth will attend college 
in the future than before the war. We 
have obligated ourselves as a nation 
to give each veteran the opportunity to 
secure an education. We owe it to him 
and to ourselves to see that he gets 
the kind of education he is qualified to 
take, and from which he can expect to 
emerge as a more useful citizen. We 
need to take account of the increased 
maturity of the veterans, of the fact that 
they are interested in public affairs and 
in world affairs, and of the fact that 
they must first of all be good citizens. 

The prime function of the engineer- 
ing college is to prepare men and 
women to understand and to aid in the 
technical and scientific advancement 
which is developing with such rapidity 
as to constitute a scientific and ideo- 
logical revolution. For these people 
mere technical and scientific competence 
will not suffice. They must also have a 
vital awareness of the social, political, 
and economic implications of scientific 
and technical developments, and the 
ability to do something about them. 
We must develop a program which can 
produce men and women who can in- 
telligently use the scientific method in 
attacking social and political problems, 
and can appreciate and take into ac- 
count the social and political aspects of 
engineerifg and scientific problems, in 
short, men and women who can be 
“engineering statesmen.” 

What should be the basis for selec- 
tion of students in such a program? 
Should the engineering colleges admit 
all who can meet present requirements, 
or should they screen their candidates 
more carefully for indicated ability 
and aptitude to profit from an engi- 
neering education? Should admission 
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-be based on paper records of credits o 
on mastery of necessary foundation 
subjects? Many believe that a well or. 
ganized testing program, such as the 
engineering inventory, is a better ind. 
cator of success in college than a high 
school record several years old. 

What kind of guidance should bh 
given veterans and others as to their 
future occupations, and by whom? 
Surely a grave responsibility rests on 
the engineering colleges, in view of the 
tremendous number of present an( 
prospective students, both qualified and 
unqualified, seeking to be engineers, 
and because of the great need of in- 
dustry for really competent engineers 
and scientists. 

The Compton Report stated that 
there is a need for from three to five 
times as many technical institute grad- 
uates as graduate engineers and indi- 
cated a short term need for about 75 
thousand such people per year. The 
committee pointed out that “the ability 
of technical institutes to meet this de 
mand is problematical.” This shortage 
of technical institute graduates, coupled 
with the indicated surplus of graduate 
engineers, may mean that many gradw- 
ate engineers will find themselves as- 
signed to work which could be done 
satisfactorily by technical institute grat- 
uates. Does this call for a revision of 
engineering curricula and of the general 
administration of engineering colleges? 
Is it possible that society would be bet- 
ter served if provision were made, for 
a certificate of proficiency at the end 
of two years for those who have not 
demonstrated their ability and_ theif 
aptitude for professional engineering 
work? At least one engineering college 
is planning to give an achievement test 
at the end of the sophomore year to de 
cide which students may proceed to 
ward degrees. Certificates will be given 
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others meeting certain standards in 
the test. 

If such a program becomes general, 
what changes in courses and teaching 
methods are indicated for the work of 
the first two years, and what for the 
wrk of the last two years? Should 
the work of the first two years more 
yatly approach the Technical Institute 
ype of program? Should the work of 
the last two (or three) years attempt 
to train for the rank and file of engi- 
neering jobs, or to educate for leader- 
ship in industry, teaching, and research ? 
Should the-urge of the veterans for 
seed mean they should be given 
ESMWT training, or should some of 
the techniques developed in ESMWT 
curses be used to revitalize and in- 
tensify engineering education? 

Does the pronounced shift toward 
research in government and industry 
mean that the engineering colleges 
should increase their-efforts to persuade 
their best students to continue with 
graduate work, for their own good and 
for the good of the country ? 

What kind of teachers do the engi- 
neering colleges need and how can they 
be recruited? Can programs be devel- 
oped to train engineers to teach? Can 
industry and education work out some 
sort of a cooperative system for teachers 
as they have done so successfully for 
students ? : 

What sort of relations should there 
be between higher education and the 
Federal Government? Should there 
bea program of Federal aid to educa- 
tion? If-so, should it be extended to 
individual students or to institutions, 
or both? Should it be extended only 


during the present emergency, or per- 
manently? If to institutions, should it 
be extended only to tax-supported in- 
stitutions or should the privately sup- 
ported tax-exempt institutions share 
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in it? The Federal Government is now 
aiding individuals through,the G. I. 
Bill and Public Law 16. Legislation 
has been proposed setting up a system 
of Federal scholarships. Institutions, 
both public and private, are being aided 
through the veterans housing program 
and the Veterans Educational Facili- 
ties Program in the acquisition of equip- 
ment and temporary buildings. A bill 
to establish a program of Federal aid 
in the erection of permanent buildings 
was debated in the last session of Con- 
gress. How far should efforts to meet 
an emergency be allowed to color per- 
manent policies? In this country edu- 
cation has traditionally been considered 
a function of the States. Should the 
base be now broadened by making it at 
least partly a function of the Federal 
Government? If so, should Federal 
funds be used to partially equalize edu- 
cational opportunities in the various 
States? 

We engineering educators have long 
maintained that engineering education 
is good general education and that it 
forms a good foundation for almost 
any activity in modern life. Neverthe- 
less we have organized our curricula 
with the primary objective of preparing 
students for engineering work. Should 
we now modify our present curricula, or 
perhaps set up new curricula, in order 
te give students a good general funda- 
mental training in the basic physical 
sciences and a general understanding of 
engineering and scientific procedures? 
Such curricula would not be designed 
to prepare students to be engineers, but 
simply to prepare them for more intel- 
ligent citizenship in this age of science 
and technology. I have long main- 
tained that one of the greatest benefits 
an individual can derive from an en- 
gineering or scientific education is the 
development within himself of the sci- 











entific method of thought—the method 
of basing his conclusions on facts rather 
than on prejudices—of attempting to 
find out what is true and to live in ac- 


cordance with the facts. I believe that: 


this is the reason for the success gradu- 
ate engineers have attained in nearly 
all walks of life, and I personally be- 
lieve that the greatest need of the world 
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today is for more men and women why 
have this scientific attitude of mind 
and who will apply it to the world; 
problems, whether they be designing 
bridge or a peace treaty, operating , 
railroad or a nation. Perhaps here lies 
the greatest opportunity for service 
by our engineering colleges, and their 
greatest challenge. 
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Any semblance between this paper and 
mattempt to inspire, encourage, or prod 
engineering colleges toward improvement 
intheir foundry courses is purely—inten- 
tional. 


Engineering colleges and industry 
have a producer-consumer relationship 
which sometimes seems to have been 
werlooked in the preparation or revi- 
son of curricula. Now, when col- 
kges are revising their curricula and 
developing a post-war model of engi- 
neering education, is the time for in- 
dustrial needs to be considered seri- 
ously. 

As producers of graduate engineers, 

wlleges should have the benefit of rec- 
ommendations and suggestions from 
industrial plants regarding course ma- 
terial and objectives. In the role of 
consumer, that is, employer, of college 
graduates, industrial management can 
and will offer constructive criticism to 
the schools if solicited. 
Cooperation between schools and in- 
dustry results in more able engineer- 
ing graduates and more satisfied em- 
ployers. Educational institutions which 
consider industrial requirements when 
revising curricula can expect further 
assistance from industry, and will have 
the satisfaction of knowing they are 
fulfilling their educational function to 
the maximum. 





* Presented at the S.P.E.E. Annual Meet- 
ing, St. Louis, June 23, 1946. 
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Foundry Practice for Engineering Students * 


By HERBERT F. SCOBIE 


Educational Assistant, American Foundrymen’s Association 


Cooperation between schools and in- 
dustrial groups is definitely and mu- 
tually profitable. This was shown re- 
cently when the foundry in a proposed 
college engineering building was re- 
designed and enlarged in accordance 
with the suggestions of the American 
Foundrymen’s Association. 

The improved foundry will have su- 
perior equipment, will enable modern 
foundry practice to be taught, will 
make more efficient use of space, and 
be a great credit to the university. 
According to a department head, the 
foundry, although only a part of the 
building project, received special con- 
sideration because the foundrymen were 
the only representatives of any indus- 
try to offer assistance in planning the 
layout and equipment. 

Engineering colleges have a two- 
fold function to perform for the foun- 
dry industry and for engineering stu- 
dents. All engineering students should 
be trained in the basic principles and 
applications of cast metals. In addi- 
tion, those interested should be given 
the opportunity to train for positions 
in the foundry industry. 

Everything used and produced re- 
quires metal castings, directly or in- 
directly. Spending annually more 
than 3 billion dollars for castings of 
all sizes, shapes and of some 600 al- 
loys, manufacturers cannot afford to 
employ engineers who are unfamiliar 
with the economics of casting use, and 
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casting design. Familiarity will be 
gained through a good basic course in 
the fundamentals of modern foundry 


practice, and through proper attention: 


to cast metals in other engineering 
courses. Modern foundry practice, 
you are aware, demands close co- 
operation between designers, pattern- 
makers and foundrymen. 

Students desiring to learn more 
about the foundry industry should be 
able to take well planned and interest- 
ing advanced courses in foundry prac- 
tice, thus enabling them to prepare for 
a career being selected by an increas- 
ing number of young men. The foun- 
dry industry needs young men with 
this training. 

The need for improved basic courses 
is demonstrated everyday in corre- 
spondence and telephone calls received 
at the national office of the American 
Foundrymen’s Association. 

A recent inquiry from an electrical 
engineer illustrates how ignorant a 
practicing engineer can be of up-to- 
date foundry products, and what a 
meager education he must have had 
in foundry practice. He requested a 
source of small electrical parts which, 
he insisted, had to be made of metal 
powder. Discussion brought out that 
the combination of properties required 
could be provided economically by a 
ferritic cast iron. The objection to a 
casting was that all castings contain, as 
he put it, “gas bubbles”! 

Of course, all castings are not de- 
fective. If they were, aircraft design- 
ers, who of necessity must use low 
safety factors, would not specify cast- 
ings of all types for aircraft construc- 
tion. That foundries can and do pro- 
duce castings of guaranteed quality 
was re-emphasized during the recent 


war. 
Some educators are no more fa- 
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miliar than many engineers are with 
castings and casting uses. A not un 
usual example is the instructor of a 
course in internal combustion engines 
who argued with his better informed 
student that automotive piston rings 
are not made of cast iron. Actually 
only a negligible quantity of any type 
of piston ring is made of any other 
material. 

The instructor in question probably 
would be surprised to learn that the 
average automobile requires about 50) 
pounds of cast iron. Automotive iron 
castings include the block, head, pis- 
tons, camshaft, crankshaft and brake- 
drums. Other automotive parts are 
produced from steel castings, malle- 
able iron castings and the non-ferrous 
alloys. 

Development of a good basic course 
in foundry practice requires, first of 
all, an appreciation on the part of en- 
gineering college administrators of the 
place of castings in our everyday life 
Coupled with this must be the intent 
to have foundry practice taught as an 
engineering college subject rather than 
as a manual training course. Most 
department heads and many foundry 
instructors were educated at a tim 
when_a course in foundry practice cot 
sisted primarily of “pounding sand.” 
Due to pressure of work, few have had 
sufficient time to study foundry de 
velopments of the past 20 years. As 
a result, engineering students suffer 
through an archaic foundry course not 
designed for them, or for modem 
needs. 

Illustrations of the significance d 
castings to all of us, and to the ec 
nomic life and development of Amer 
ica, are abundant. The recent wal 
provides one example: ordnance armét 
programs would have bogged dows 
had it not been for the enormous quat- 
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tities of cast armor provided by skilled 
fundrymen. Present sluggish return 
of the country to peacetime production 
isdue, in part, to inability of foundries 
to provide castings as rapidly as other 
industries need them. A basic indus- 
try, the foundry must return to normal 
before any other industry can reach 
full employment and _ production. 
These facts should be kept in mind by 
department heads expecting to stimu- 
late improvement of foundries under 
their administration. 

Colleges recognizing the importance 
of castings set high standards for 
foundry instructors. Such colleges 
use the same care in selecting a foun- 
dry instructor that is used in selecting 
amy other instructor. Colleges atten- 
tive to foundry industry needs devote 
sufficient time and thought to the prob- 
lm so that the foundry instructor is 
not employed at the last minute. Late 
slection too often results in employ- 
ing a man willing to take the position 
as foundry instructor only because he 
can find no other. Such an instructor 
is not a credit to the school, nor can 
he satisfactorily serve the student body 
or the foundry industry. 

An engineering college foundry in- 
sructor should have a good educa- 
tional and industrial background, as 
well as proved interest in castings and 
the foundry industry. To teach mod- 
em foundry practice, the instructor 
should be a graduate in metallurgy, or 
in chemical engineering or mechanical 
gineering, with electives in metal- 
lurgy. He should have had experience 
in several types of foundries, not only 
ina gray iron shop. Experience in 
steel and malleable foundries and in 
shops casting light-metal alloys, cop- 
per-base alloys, and others, is highly 
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The college foundry instructor 





FOUNDRY PRACTICE FOR ENGINEERING STUDENTS 








691 


should be interested in improving him- 
self and his courses; if he-does not hold 
an advanced degree, he should be re- 
quired to work toward it. 

The ultimate in foundry instructors | 
is a professionally capable man who 
stimulates his students and has their 
respect, a man able to select and influ- 
ence promising students to enter the 
foundry industry. 

An increasing number of young men 
with the qualifications for, and the in- 
terest in, teaching modern foundry 
practice is becoming available. Some 
of these men have been employed by 
engineering colleges. Instructors with 
other qualifications but lacking com- 
mercial foundry experience can be 
aided by summer employment in foun- 
dries. This helps the foundry in- 
structor balance his budget and gives 
him the industrial contact that most 
university staff members need. 

Even the most enthusiastic foundry 
instructor welcomes a change and so 
do the students. The Wisconsin Chap- 
ter- of the American Foundrymen’s 
Association has worked out a plan with 
the University of Wisconsin whereby 
15 one-hour lectures on foundry prac- 
tice are delivered by foundrymen who 
are specialists in their field. The stu- 
dents receive first-hand information 
about the commercial production of 
castings, and have an opportunity to 
see the type of men engaged in the 
technical fields of the foundry industry. 
A similar program is in prospect at 
Marquette University. 

The Wisconsin plan has proved 
profitable to the University. It has 
also demonstrated to engineering stu- 
dents that the foundry industry offers 
a place in which to apply engineering 
techniques, and in which the oppor- 
tunity to advance is great. The latter 
is due to a shortage of technically 
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trained men in the industry, while the 
number of complex technical problems 
is inordinately large. 


Once the engineering college admin- 


istration and the foundry instructor 
have agreed that a modern course in 
foundry practice is to be offered, the 
question arises: what is a modern 
foundry course? 

Modern foundry courses have been 
taught by some schools for a number 
of years. Schools teaching foundry 
practice according to current needs of 
the industry are recognized and en- 
couraged by the foundry industry. 

Schools with up-to-date foundry 
curricula were commended by N. F. 
Hindle * of the A. F. A. national of- 
fice in a paper presented at the 50th 
Anniversary Meeting of S. P. E. E. 
held in Chicago in 1943. He indicated 
the necessity of teaching foundry prac- 
tice as an engineering course, not as a 
manual training course. Stating that 
“the courses should cover processes 
and products,” he added that foundry 
courses “should deal with the metals 
cast and their application, the proper- 
ties available and some metallurgy.” 

Entitled “Castings Design and En- 
gineering Curricula,’ Mr. Hindle’s 
paper presented the current point of 
view regarding a general course in 
foundry practice. Emphasis is on cast- 
ings design, cooperation between de- 
signer, patternmaker and foundryman, 
casting properties, and the economics 
of casting use. This is reasonable 
since all engineers use castings, 
whereas only a: small but increasing 
number are concerned directly with 
castings production. 

Molding, coremaking, melting and 
other foundry techniques are necessary 


*N. F. Hindle, “Casting Design and En- 
gineering Curricula,” J. Enc. Epuc., Vol. 
34, No. 7 (March 1944). 
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in a general foundry course only to the 
extent that they enable the embry 
engineer to better understand the use 
and design of castings. 

The older system of laboratory pe. 
riods only, without formal lectures, 
has been discarded by some engineer. 
ing colleges. Foundry instructors in 
progressive engineering colleges devote 
about half the available class hours ty 
lecturing. Emphasis is not placed on 
handing down a collection of tradi- 
tional knowledge, but rather on the 
ideas behind the tradition. Instead of 
“know-how,” interest centers on 
“know-why.” 

Typical of the modern trend in 
foundry instruction is the series of 
courses reported by Holtby and Sco- 
bie * in “A University Course in Foun- 
dry Control Methods.” Described are 
an elementary foundry course required 
of mechanical engineering students and 
of metallurgical students, and a series 
of elective courses for advanced stt 
dents. Taught to approximately 225 
students each year (1941), the pr- 
mary purpose of the elementary course 
is to acquaint engineering student 
with modern foundry practice, the pos 
sibilities and limitations of castings for 
engineering use, and important factors 
in design. 

Offered at the University of Minne 
sota, this elementary course stressed 
four points: 


1. The development of the foundry 
industry during the past two det 
ades, and the improvement in its 
products. 

2. The importance of control if 
foundry processes. 


*F, Holtby and H. F. Scobie, “A Unk 
versity Course in Foundry Control Meth 
ods,” Trans., A. F. A., Vol. 49, p. Si 
(1941). 
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3. The practical knowledge applica- 
ble in other fields. 

4, The increasing opportunities for 
employment as a foundry engi- 
neer. 


The discussion of this paper, which 
appears in the 1941 Transactions of 
4. F. A., is encouraging because it il- 
lustrates a favorable trend in foundry 
education among some schools. 

Instruction in foundry practice 
should be coordinated with the pattern 
shop, courses in other manufacturing 
processes, and with machine design, 
materials testing, materials and proc- 
esses, and similar courses. 

Patternmaking should be very 
closely integrated with the course in 
foundry practice. If the courses are 
not taught by the same instructor, or 
are not under the jurisdiction of one 
man, there should be agreement on 
their content to eliminate unnecessary 
werlapping. Important, also, is agree- 
ment on foundry and pattern terminol- 
ogy, pattern colors, allowances for 
draft, shrinkage and machining, etc. 

An engineering college course in 
pattern practice should not stress the 
use of woodworking tools or attempt 
tomake a patternmaker of the student. 
Elementary woodworking, that should 
have been learned in high school or at 
ahome work bench, has little place in 
a crowded engineering curriculum. 
The college pattern course ought to 
include pattern construction for maxi- 
mum moldability and economy of pro- 
duction, types of pattern equipment, 
pattern construction materials, and 
perhaps permanent mold construction. 
Courses in which mechanical and 
physical properties of cast metals are 
discussed should be in agreement on 
these properties. If heat treatment of 
tastings is taught in courses other than 
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the one in foundry practice, the pur- 
poses, principles and results of heat 
treatment should be the same in all 
courses. If machinability of cast met- 
als is considered in the foundry course, 
machinability ratings and methods of 
testing should be consistent with those 
taught in the machine shop. Princi- 
ples of casting design must be the same 
in the foundry and machine design 
courses. Metallurgy of cast metals 
taught by the foundry instructor should 
agree with the teachings of the in- 
structor in metallurgy. The industrial 
engineering department and the foun- 
dry department should have the same 
thoughts on economics of casting use, 
plant layout, and mechanical equip- 
ment. The high temperature chemis- 
try of metals, refractories, fuels and 
fluxes. should be taught in essentially 
the same way whether the lecturer is 
a foundry instructor or a teacher of 
chemistry. 

Schools interested in developing or 
improving courses in foundry practice 
are offered the assistance of the Amer- 
ican Foundrymen’s Association. Seven 
national committees established for 
that purpose are composed of prom- 
inent foundrymen as well as educators 
in the field of metallurgy, engineering 
and foundry practice. These commit- 
tees have been actively cooperating 
with engineering schools, making rec- 
ommendations regarding course con- 
tent, text books, laboratory layout and 
equipment, correlation with other 
courses, research projects, and have 
annually sponsored an essay contest 
for engineering college students. The 
essay contest was discontinued during 
the war. 

Several engineering colleges have 
recently revised and expanded their 
curricula as a result of contact with 
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representatives of the foundry indus- 
try. 

Case School of Applied Science, in 
cooperation with the Northeastern 
Ohio Chapter of A. F. A., has worked 
out a course expected to provide ef- 
fective training for students who plan 
to enter the foundry business. 

Massachusetts Institute of Technol- 
ogy has just announced the organiza- 
tion of a Metal Processing Laboratory 
under the direction of a full professor. 
He will have the assistance of a joint 
committee from the Metallurgy and 
Mechanical Engineering Departments. 

Heading the foundry laboratory will 
be an associate professor. The pro- 
gram is expected to be flexible enough 
to suit the needs of any part of the 
foundry industry, allowing students to 
specialize in the mechanical, the metal- 
lurgical, or the managerial aspects of 
foundry work. 

These examples, and others which 
could be cited, illustrate the trend in 
foundry education. Schools anticipat- 
ing foundry industry needs and sympa- 
thetic with its requests often find that 
scholarships are established, summer 
employment is provided for foundry in- 
structors and foundry students, teaching 
aids and casting exhibits are supplied, 
books are donated to engineering li- 
braries, and equipment given for teach- 
ing and research. 

Recognizing the importance of an 
industry producing over 20 million 
tons of castings annually, some engi- 
neering colleges are overhauling their 
foundry courses to meet present day 
requirements. Responding to indus- 
trial needs, department heads are re- 
viewing foundry courses under their 
administration and studying ways of 
cooperating with casting producers. 
Foundry instructors are aiding by re- 
organizing course material to meet the 
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need for engineering graduates with 
knowledge of casting properties, ap. 
plications and design. 

Educational committees and the 4 
chapters of the American Foundry. 
men’s Association continue to encour 
age and advise engineering colleges in 
the development of improved foundry 
instruction. 

As a result, college graduates, ade 
quately trained and cognizant of oppor- 
tunity, are entering the industry be 
cause they recognize that the foundry 
is a good place in which to work. 


Written Discussion : W. A. Spindler, 
University of Michigan 


John Grennan and I congratulate 
Mr. Scobie on a good paper on foun- 
dry instruction at the University level 

One point elicits our comment. It 
is inferred that patternmaking should 
be taught along with foundry instruc 
tion. Entirely aside from the fact that 
we do not have a course in pattert- 
making, we wonder if such a cours 
can be justified. It would seem that 
the principles of patternmaking are 
identical with those of casting design, 
with the exception of draft, pattem 
colors and materials. 

The principles of flat back con 
struction, avoidance of loose pieces, 
and drawbacks, are in general closely 
related to casting design and can k 
taught with exhibits of patterns ané 
castings, and with slides and problens§ 
in design. This is the procedure tha 
we are using, and we also have a grea 
variety of loose and mounted pattern 
that the students use in the laboratory. 
However, we do occasionally have out 
students make simple patterns and cort 
boxes as needed, and repair patterms 
that are in use. 
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CLosinc CoMMENT: Mr. Scobie 


The oral discussion of this paper at 
the time it was presented indicated the 
interest which a number of engineering 
olleges are taking in improving a 
hase of engineering education which 
stoo often neglected. 

The point regarding instruction in 
gatternmaking which has been brought 
up by Professor W. A. Spindler and 
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Mr. John Grennan of the University of 
Michigan was intended primarily for 
schools which still teach patternmaking 
essentially as a woodworking course 
and separate from foundry practice. I 
am entirely in agreement with the idea 
of teaching patternmaking primarily 
from the casting design point of view, 
and heartily agree with the system of 
teaching pattern practice on a drawing 
board which is used by some schools. 
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General Engineering-Science " 


curri¢ 
grees 
in the 
Chairman, Department of Engineering Mechanics, University of Nebraska year ¢ 
those 
major 
show: 


By WM. L. DE BAUFRE 


“The time has past wherein industry ever superficial, gives the young engi. 
hires young engineering graduates to neer confidence and a feeling that le 
fill its demands for technical engineer- can act and think intelligently in th 
ing positions only. In large measure industrial environment.” This is aj, 
this fact is not recognized by engineer- true in scientific research as in other igrict 


Branch 


ing educators or by the young engineer- functional duties. Archit 
ing graduates. Experience with young For these reasons, it is believed that pa 
em 


" engineers causes industry to hire them a four-year curriculum in “General En J; 5: 
to fit into all the functional positions of  gineering-Science” has a place in ef pectr 
a business and the training process is gineering schools. Such a curriculum Gener 
depended upon to cull out from the should include only the most funda Indus 
group the relatively few technical men mental engineering courses common to 2 ae 

required. For one position in engineer- all engineering groups, but with moder-f yfnin 

ing there are a dozen in other divisions ate emphasis upon the physical proper Naval 
of activity and these positions seldom _ ties of materials and upon the principlesf "tro 
call upon their incumbents to use any of mechanics which enable these prop 

depth of technical knowledge.” This erties to be understood and appliedf 7,, 

quotation is taken from an address at Such a curriculum should permit a stu- 

Pennsylvania State College, April 12, dent to obtain a knowledge of economis§ © 

1938, by L. W. W. Morrow, general and business organization in prepara § “ene 

manager of the fiber products division tion for a functional position in indusg™ S 

of the Corning Glass Works. try or to add advanced studies in math-§ (ot 
On the other hand, great advances in ematics,. physics, or other science ing "sti 

applications of science during and fol- preparation for scientific research inp U 

lowing the war will undoubtedly cause industry. nul 

industry to call for employees more Curricula in General Engineerin not 
highly trained in mathematics, physics, are now offered in about 25 engineering phas 
or other science than the ordinary en-- schools in the United States. Of these “si 
gineering graduate. Advanced studies eight have been accredited by the Engi and 
in science superimposed upon a basic peers Council for Professional Devel ™!4 


engineering training will be preferred opment as follows: cons 
for scientific research in industry for oe saa most 
the same reason that basic engineering University of Illinois engi 
training has been preferred for func- Iowa State College plen 
tional positions in industry. As stated University of Maine enta 


by Mr. Morrow in the above mentioned Massachusetts Institute of Technolog I¢ 
address : “Engineering knowledge, how- Stevens Institute of Technology um 
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South Dakota State School of Mines 
Toledo University 
Coast Guard Academy. 


In spite of the limited number of 
wrricula in General Engineering, de- 
grees in general engineering conferred 
inthe United States during the school- 
year of 1944-45 were next in number to 
those conferred in each of the four 
major branches of engineering as 
shown by the following table : 


First Degrees in Engineering 


Branch of Engineering Number Percentage 
feronautical......... 224 4.74 
Agricultural.......... 17 0.36 
Architectural......... 43 0.91 
NS thy SRS Ste 13 0.27 
Chemical... . 767 16.24 
RA? 644 13.64 
EGR rran bene 854 18.08 
| rs tigen 364 7.71 
BMI. . LS 76 1.61 
Mechanical.......... 1371 29.03 
Metallurgical........ 133 2.82 
ER ee ces 62 1.31 
Naval Arch.and Marine 15 0.32 
Tas Ceara 46 0.97 
Unclassified.......... 94 1.99 
Ba. "ho 4. x seacas a 4723 100.00 


Objectives of existing curricula in 
General Engineering differ from school 
to school as shown by the following 
quotations from catalogs of the several 
institutions : 

University of Illinois—“The cur- 
rieulum is intended for those who do 
not care to follow the more technical 
phases of engineering practice but who 
desire to ally themselves with industrial 
aid commercial development in the 
fields of management, operation and 
construction—preparation for which is 
most securely founded on scientific and 
tigineering facts and disciplines, sup- 
plemented by economic and social ori- 
tntations.” 

lowa State College—“The curricu- 
lum in General Engineering is intended 
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for students who have an interest in 
business or management and who also 
have aptitudes in engineering and plan 
to train themselves for some phase of 
business operations with technical en- 
terprises.” 

University of Maine—“This cur- 
riculum is designed primarily to per- 
mit a selected few, pre-eminently ca- 
pable students the opportunity of pur- 
suing a curriculum which gives a 
broad emphasis on the fundamentals 
of engineering and to develop them- 
selves along lines of particular aptitudes 
or choice.” . 

Massachusetts Institute of Technol- 
ogy.—‘‘The course in General Engi- 
neering contains a comprehensive sur- 
vey of the applications of science to the 
primary branches of engineering. It 
is designed to develop in its graduates 
the ability to visualize and adjust the 
correlated problems encountered in all 
fields of engineering. Standard engi- 
neering courses cannot be expected to 
embrace all of the technical require- 
ments of the industrial world. The 
demand for new courses in special fields 
of engineering will constantly arise and 
the educational opportunity is provided 
in this course for their introduction and 
development.” 

The three principal objectives of 
General Engineering curricula may be 
summarized as follows: 

(1) To provide a basic training in 
fundamentals common to the primary 
branches of engineering, in preparation 
for industrial employment in positions 
where such training is conducive to in- 
telligent thought and action. 

(2) To permit advanced technical 
studies along lines of individual apti- 
tude or preference differing from the 
specialized requirements of existing 
engineering curricula, in preparation 
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for technical employment in industry _ ing interest to give students enrolled iq” 
more or less related to engineering. General Engineering the personal ggsmee 

(3) To permit nontechnical studies tention they deserve. 
in economics, business organization, At Iowa State College, the Gener, 
etc., in preparation for industrial em- Engineering Department cond uctg ne! 
ployment in positions not classified as courses in engineering problems, em "ul 
engineering but where basic engineer- ployment methods and employee devel #'V¢ 
ing training is desirable if,not essential. opment, personnel supervision,  salap see 

In order to meet these objectives, it engineering and cost estimating. Iti Co 
is evident that a General Engineering _ believed that such courses give the Gen. and 1 
curriculum should not be administered eral Engineering Department a bias tof g! 
by one of the specialized engineering ward industrial engineering. — This these 
departments. The departments of me- would seem to be confirmed by the branc 
chanical, electrical, civil and chemical stated objective of the General Engi vance 
engineering are primarily interested in neering curriculum. It is believed thaf frst 
advanced technical subjects peculiar to a General Engineering-Science cur} tice | 
their own fields and a General Engi-  riculum should have broader objective’ Gene 
neering curriculum should not include As previously mentioned, there wilf be it 
such specialized subjects. In fact, it apparently be a greater demand by ing bran 
has been found necessary to remove dustry in the future than in the pag woul 
certain basic engineering courses from for men trained in science. It will bg tent 
these departments where they were desirable for such men to have had @ With 
neglected as stepchildren, and to organ- _ basic training in engineering so thal Depe 
ize separate departments to teach these scientific knowledge can be intelligenthg ‘Mg 





fundamental subjects in order to give applied in the industrial environmentf atten 
them the care and attention they de- The General Engineering-Science curg bran 
serve. riculum would make this possible ig At 

At the University of Illinois and at mathematics, in physics, or in amg Ame 
the Massachusetts Institute of Tech- other science. catio 
nology, the General Engineering cur- Some schools now offer an Engineerg ter ¢ 





riculum is administered by a commit- ing-Physics curriculum limited to thiff n0is 
tee. At the University of Maine, the one science. A progress report on suclf Upor 
General Engineering curriculum is ad- curricula appeared in the JouRNAL om Meer 
ministered by the Dean of the College ENGINEERING EpucaTion for Marchg cour 
of Engineering. At Iowa State Col- 1946. It was concluded that such curf Civil 
lege, there is a General Engineering  ricula generafly comprise “an integrate said 
Department which administers the cur- combination of Engineering and Phys§ prob 
riculum in General Engineering. ics rather than a major in physics witlf Eng 

The last mentioned procedure is ap- a minor in engineering,” and that “th grea 
parently the best. A committee tends curriculum is administered for the mosf plice 
to lose personal interest in the students part by the division of Engineering of mad 
enrolled. The Dean of the College of the respective institutions.” engi 
Engineering is too busy on other mat- Within the College of Engineering 4 Ge 
ters even if his interests were not fo- there are basic engineering subjeci§ vanc 
cused on his own branch of engineering. which have become as_ stepchildrej§ Wou 
Only a separate Department of General when included within any of the majog to tl 
Engineering would have the continu- engineering departments. These arg dent 
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nts enrolled pf murses in engineering drawing, in en- 
e personal a gineering mechanics and in engineering 
materials. By grouping such funda- 
>, the Gener mental engineering subjects within a 
t conductqoeneral Engineering Department, they 
problems, emf vould receive the attention they de- 
nployee devef #'vé aS important courses in all en- 
vision, sale gineering curricula. 
mating. Itjg Courses‘in drawing, in mechanics, 
give the Genf ad in materials are required in every 
nent a bias tf mgineering group of studies because 
ering.  Thigthese subjects are applied in all 
irmed by the branches of engineering practice. Ad- 
xeneral Engg vancements in their application occur 
s believed thaf frst in one branch of engineering prac- 
-Science cyr§ tice and then in another branch. A 
Jer objectivesf General Engineering Department would 
ed, there wif be in touch with developments in all 
lemand by in branches of engineering practice and 
n in the pasg would bring such advances to the at- 
e. It will hg tention of all engineering students. 
o have had @ Without such a General Engineering 
ering so. thi Department, advances in one branch of 
e intelligently engineering only are brought to the 
environment attention of students generally in that 
-Science curf branch only. 
s possible if At the St. Louis meeting of the 
or in an American Society for Engineering Edu- 
cation in June, 1946, Dean L. E. Grin- 
ter of the Graduate School of the Illi- 
nois Institute of Technology remarked 
upon the departments teaching engi- 
neering mechanics. He spoke of such 
courses as often being included in the 
Civil Engineering Department. He 
said that engineering mechanics should 
probably be taught in the Aeronautical 
Engineering Department because the 
greatest advances in engineering ap- 
plications of mechanics are now being 
made in aeronautical engineering. If 
engineering mechanics were taught in 
aGeneral Engineering Department, ad- 
vances in applications to aeronautics 
would be noted and would be brought 
to the attention of all engineering stu- 
dents. Of course, advances are also 
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being made in other branches of engi- 
neering besides aeronautics, and these 
advances would be brought to the at- 
tention of all engineering students by a 
General Engineering Department. 

Many new materials have become 
available in recent years in all branches 
of engineering and advances have been 
made in using these new materials and 
also in using old materials. A General 
Engineering Department which would 
include courses dealing with the phys- 
ical properties of engineering materials 
would bring such advances to the at- 
tention of all engineering students tak- 
ing such courses. By concentrating 
materials courses in a General Engi- 
neering Department, overlapping of 
subject matter and duplication of equip- 
ment would be avoided. This occurs 
when materials courses are divided be- 
tween two or more engineering depart- 
ments. 

Engineering materials, engineering 
mechanics and engineering drawing are 
often treated inadequately in engineer- 
ing curricula. The importance of these 
basic engineering subjects to the prac- 
ticing engineer is not fully realized. 
To the young engineering graduate, the 
information and techniques of these 
fundamental engineering courses are of 
greater use than almost anything else 
learned in college. 

The reason for inadequate treatment 
of these fundamental subjects is that 
faculty members with greatest authority 
in curricula building are primarily in- 
terested in specialized courses peculiar 
to. their own branches of engineering. 
They appreciate the needs of their own 
specialized groups of courses but do 
not fully realize the needs of these fun- 
damental subjects. In building engi- 
neering curricula, specialized groups of 
courses therefore receive first attention 
in arranging logical sequences with 
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sufficient time for each course in the 
specialized group. As a consequence, 
the fundamental courses in materials, 
mechanics and drawing, are not allowed 
sufficient time or a logical sequence. 

Of course, establishment of a General 
Engineering Department to include 
these three groups of fundamental engi- 
neering courses would not guarantee a 
logical sequence of courses and suffi- 
cient time for each course. It would, 
however, give a spokesman for these 
fundamental engineering courses which 
they lack as stepchildren in major en- 
gineering departments. 

A General Engineering Department 
should be more than a service depart- 
ment to other engineering departments. 
There should be a group of students 
in a curriculum sponsored by the Gen- 
eral Engineering Department to give 
the department equal standing with 
other engineering departments. This 
would improve the morale of the staff 
of the General Engineering Department 
as well as provide advisory service for 
an important group of students. 

It would be particularly appropriate 
to have a curriculum in General Engi- 
neering-Science sponsored by a de- 
partment administering courses in en- 
gineering drawing, in engineering me- 
chanics and in engineering materials, 
because these subjects should constitute 
the backbone of a General Engineering- 
Science curriculum. Such a curriculum 
should place moderate emphasis upon 
the physical properties of engineering 
materials and upon the principles of 
mechanics which enable these proper- 
ties to be understood and applied. This 
emphasis might be greater than in spe- 
cialized engineering curricula. 

There is a trend, however, to give 
more time to these fundamental courses 
in all engineering groups as the de- 
mands of modern engineering practice 
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are reflected back into engineering 
schools. The primary purpose of engi. 
neering is to provide the structures and 
machines which make present day civil. 
ization possible. These structures and 
machines are built of materials which 
are under stress and strain caused by 
the force action to which the structures 
and machines are subjected. : 

Before the structures and machine 
can be designed, the force action mus 
be analyzed. Then the parts must bk 
proportioned so that the materials em- 
ployed will be stressed and strained 
within allowable limits. Competition 
in adapting structures and machines to 
higher loads and to greater speeds of 
translation and of rotation with mini- 
mum cost of materials and construe 
tion, requires more searching analyses 
to be made of force action and better 
understanding of stress and strain in 
selecting the materials and in propor 
tioning the parts. Graphical methods 
are often preferred to mathematical 
computations in such analyses and 
working drawings must be made for 
construction. This requires a more 
thorough grasp of the fundamental 
subjects of materials, mechanics and 
drawing than now posessed by many 
engineering graduates. 

In the General Engineering-Science 
curriculum, such basic training would 
be supplemented by courses in eco 
nomics and business organization for 
non-engineering positions in the bus: 
ness of making, selling and purchasing 
structures and machines; or by courses 
in mathematics, physics, or other sci 
ence for industrial positions involving 
the applications of science to the cot 
struction or use of structures and me 
chines; or by specialized engineering 
courses in the branch of engineering 
in which it is desired to apply a thor- 
ough knowledge of materials and me 
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chanics. This might be a very special 
ranch of engineering with no regularly 
ofganized curriculum by reason the few 
students who would desire to pursue it. 

The number of General Engineering 
students is important at present and 
this number will undoubtedly increase 
as the above facts become realized by 
engineering teachers and_ students. 
There will be considerable inertia to be 
overcome, however, in setting up cur- 
ricula in General Engineering-Science 
to meet the objectives set forth. Staffs 
of the departments of specialized 
branches of engineering will need to be 
broad minded not to fear a drain of 
students from courses in ‘their own de- 
partments. It will be necessary for 
them to realize that engineering colleges 


have a broader objective than training ° 


for professional engineering practice 
only. 

It will probably be overlooked that 
engineering colleges are now supplying 
many graduates and non-graduates to 
positions which cannot be classified 
under engineering. General Engineer- 
ing-Science curricula organized to pro- 
vide a better training for less technical 
positions on the one hand and for more 
highly scientific positions on the other 
hand, will be organized only by the 
most broad minded engineering facul- 
ties. The attitude of Deans of Engi- 
neering and of University authorities 
will have much to do with organization 
of curricula in General Engineering- 
Science. 

A proposed outline is appended for 
a General Engineering-Science curric- 
lum to utilize courses now offered in 
a particular engineering school. It will 
usually be unnecessary to add new 
courses to set up such a curriculum un- 
less present courses are inadequate in 
drawing, in mechanics, or in materials. 

This proposed curriculum in Gen- 
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eral Engineering-Science has a core of 
fundamental engineering courses in 
drawing, mechanics and materials and 
contains basic engineering courses in 
power engineering (thermodynamics) 
and laboratory, electrical engineering 
and laboratory, and hydraulics, in ad- 
dition to the science courses in mathe- 
matics, chemistry and physics usually 
required of all engineering students. 
It also contains freshmen English, 18 
credits of nontechnical options includ- 
ing a sophomore course in business 
organization, and 16 credits of approved 
electives. 

By selecting all 34 credits of non- 
technical options and approved electives 
from courses in economics and busi- 
ness organization, preparation for busi- 
ness management is superimposed upon 
a basic training in engineering. The 
engineering courses prepare for sub- 
ordinate positions in drafting, testing 
materials, inspecting manufactured 
parts and production planning, so that 
the graduate is prepared to take a job 
in industry. The courses in economics 
and business administration prepare for 
advancement to supervisory positions. 

By selecting the 16 credits of ap- 
proved electives in some science, such 
as mathematics, physics, etc., prepara- 
tion for scientific duties in industry is 
superimposed upon a basic training in 
engineering. This would lead to sci- 
entific research in industry, preferably 
after graduate study in the science se- 
lected. A basic engineering training is 
preferred for such scientific work be- 
cause it gives some understanding of 
industrial equipment and processes. , 

The approved electives might be se- 
lected from the branch of engineering 
in which it is desired to apply a more 
thorough knowledge of the principles 
of mechanics and of the physical prop- 
erties of materials than obtainable in 
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most engineering curricula. The branch 
of engineering might be one for which 
no regular engineering curriculum is 
offered in the school in question. 


In any case, the 18 credits of non- - 


technical options would add breadth to 
the technical curriculum. 

This General Engineering-Science 
curriculum conforms with the philos- 
ophy of “Technological Education in a 
Democracy” as expressed by the writer 
in the October, 1946, issue of the 
JouRNAL OF ENGINEERING EDUCATION. 
Each year would prepare for greater 
responsibility in industry as well as 
for more advanced study in college. 
The high school graduate who could 
spend two years only in college would 
be prepared for subordinate jobs in 
drafting, inspecting and production 
planning. Each additional year would 
add to his capacity for advancement to 
positions of greater responsibility in 
industry. 

That the present time is most oppor- 
tune for setting up curricula in Gen- 
eral Engineering-Science is indicated by 
the following quotation from Dean L. 
E. Grinter of the Graduate School of 
the Illinois Institute of Technology 
(JouRNAL OF ENGINEERING Epuca- 
TION, June, 1945) : 


“Through much of its history, but in- 
creasingly since 1929, engineering educa- 
tion has been serving two basic purposes 
—training for entrance into the engineer- 
ing profession and education for living in 
a technical world.” 

“It is easy to fall into the mistaken be- 
lief that our students are universally 
destined to become professional engineers 
because they usually show enthusiasm for 
becoming members of the profession. 
However, if we realize that there are 
probably no more than 150,000 profes- 
sional engineers in the United States 
(Government statistics indicate that only 
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275,000 persons claim the title), and that 
we will likely have an equal number of 
students enrolled in our engineering col- 
leges after the war, it becomes clear that 
many are destined for positions in re. 
lated fields. Such persons find the study 
of engineering vocationally helpful and 
intellectually stimulating.” 


PROPOSED GENERAL ENGINEERING- 
SCIENCE CURRICULUM 
First Year 

First Semester: Algebra 4, General 
Chemistry 3, English Composition 3, 
Engineering Drawing 2, Shop Proc- 
esses 2, Engineering Orientation 1, 
Military Science 1. 

Second Semester: Trigonometry 3, 


‘Analytical Geometry 3, General Chen- 


istry 3, English Composition 3, Engi- 
neering Drawing 2, Surveying 2, Mili- 
tary Science 1. 


Second Year 


First Semester: Differential Calculus 
3, General Physics 5, Descriptive Ge- 
ometry 2, Engineering Statics 3, Shop 
Practice 3, Military Science 1. 

Second Semester: Integral Calculus 
3, General Physics 5, Sketches and 
Working Drawings 2, Engineering Ma- 
terials 3, Introduction to Business Or- 
ganization 3, Military Science 1. 


Third Year 


First Semester: Applied Calculus 3, 
Power Engineering (thermodynamics) 
4, Graphic Statics of Structures and 
Machines 2, Engineering Dynamics 4, 
Approved Electives 3, Nontechnical 
Options 3. 

Second Semester: Hydraulics 3, 
Power Laboratory 3, Mechanics of Ma- 
terials with Laboratory 5, Approved 
Elective 3, Nontechnical Option 3. 
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Fourth Year 


First Semester: Electrical Circuits 3, 
Advanced Dynamics or Mechanism 3, 
Approved Electives 5, Nontechnical 
Options 6. 
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Second Semester: Electrical Machin- 
ery 3, Electrical Laboratory 2, Ad- 
vanced Mechanics of Materials or Ma- 
chine Design 3, Approved Electives 5, 
Nontechnical Option 3, Dean’s Lec- 
ture l. 


































Course Requirements in Humanistic-Social Studies 


By MIKE V. McENANY 


Assistant Professor of Electrical Engineering, The Rice Institute 


While looking over the curricula and 
course offerings in electrical engineer- 
ing of certain universities the author 
became interested in comparing the re- 
quirements for a B.S. in E.E. degree as 
stated in the catalogues with the rec- 
ommendations in-the 1944 Report of 
the Committee on Engineering Edu- 
cation After the War.* In order to 
facilitate comparisons a chart was made 
showing the total number of hours de- 
voted to each required course. This 
chart finally included twenty-two ac- 
credited engineering curricula. The 
choice of curricula to be included was 
based upon availability of recent cata- 
logue issues, the oldest used being for 
the academic year 1944-45. This 
turned out to be a fairly random selec- 
tion. A list of the schools included 
shows that large, well-known institu- 
tions are represented as well as the 
smaller colleges and universities ; state- 
supported universities and colleges of 
mechanic arts are included along with 
representatives of the privately sup- 
ported group. 

Some of the results of this tabulation 
are shown in Table I, which is con- 
cerned principally with the non-techni- 
cal, or humanistic-social, phase of the 
curriculum. In order to get a basis of 
comparison it was necessary to reduce 
the catalogue statements of course re- 
quirements to some sort of common 


*The JouRNAL oF ENGINEERING Epuca- 
TION, Vol. 34, May, 1944, pp. 591-597. 
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denominator. The most appropriate 
unit seemed to be a semester-hour, de- 
fined, arbitrarily, as one hour per week 
for a period of eighteen weeks. That 
is, a course meeting three times per 
week for a semester of 18 weeks is re- 
corded as 3 semester-hours; a course 
meeting three times per week for a 
quarter of 12 weeks is recorded as 2 
semester-hours, etc. It should be 
pointed out that this “semester-hour” 
unit is intended to represent actual time 
spent in class and does not necessarily 
have any relation to course credit as 
determined by the registrar. 

















TABLE I 
Semester-Hours Nua 
Required ber of 
Subject Schools 
Maxi-| Mini-| Me-| Reauir 
mum | mum | dian 
Freshman English 6 2 | 6.0 20 
Business and/or Scientific 6 13} 3.0 13 
English 
Public Speaking 3 1 2.0 10 
Total English 12 2 | 8.0 21 
Business Administration 6 2 | 2.8 6 
Economics 12 2 | 3.0 21 
Electives (Non-technical) 18 3 | 6.0 15 
Foreign Language 10 6 | 8.0 2 
History and/or Government] 12 2 6.0 11 
Literature and/or 8 2 | 4.0 9* 
Philosophy 
Psychology 3 3 | 3.0 1 
Sociology 8 6+ | 7.0 2 
Total Non-technical, except | 36 3 |18.0 22 
=nglis 
Total 44 10 {25.5 22 

















* Two of these nine schools do not require 
Literature or Philosophy but it is recom- 
mended that one or the other be taken as an 
elective. 

+ Strongly recommended as an elective but 
not required. 
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Table I shows the greatest require- 
ment, the least, and the median among 
the schools requiring each subject. The 
last column to the right shows the num- 
ber of curricula out of the 22 having 
one or more courses required in each 
subject. For instance, no school stud- 
ied required more than 6 semester hours 
of freshman English, although several 
required that number. Two schools do 
not require any hours in freshman Eng- 
lish, but of the 20 who do, the least re- 
quirement is 2 semester-hours. The 
median of 6 semester-hours was ob- 
tained using only the 20 curricula which 
do have a requirement in freshman 
English. 

Before entering on a.discussion of 
Table I, it may be well to call to mind 
some pertinent statements and_ rec- 
ommendations made in the 1944 Re- 
port. The simplest means of doing so 
is by direct quotation. 

A statement of specific purposes of 
engineering education in this report 
says, in part, 


“an understanding of values and 
costs, . . . the ability to read, write 
and speak the English language ef- 
fectively, a knowledge of social and 
human relationships, an understand- 
ing of the duties of citizenship, an 
appreciation of cultural interests out- 
side the field of engineering. .. .” 


With regard to the objectives of 
the humanistic-social stem, the same 
report states: 


“they can be achieved only through 
a designed sequence of courses . . 
requiring a minimum of 20 per cent 
of the students’ educational time.” 


In another place, 


“Economics, sociology, government, 
history and psychology are sciences 
of human behavior and relations. . . . 


” 
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And in still another, 


“Enrich this area of work by use of 
whatever time may be gained... 
through higher entrance levels in... 
ordinary language skills.” 


Also, we find this, which seems to 
the present author to be an important 
statement~ 

“".. engineers should be counted in 
full proportions among groups which 
read books, discuss ideas, hear music, 
attend the theatre, appreciate works 
of art, sustain churches, advance 
philanthropy, man welfare activities, 
serve as trustees, and lead civic move- 
ments.” 


Comparison with the original will 
show that the above quotations from the 
1944 Report are incomplete. This is 
not done with the intention of changing 
the meaning to suit the purpose, or be- 
cause the omitted phrases are in any 
sense unimportant, but merely because 
they are not particularly pertinent to 
the present discussion. 

Now let us see how the courses re- 
quired, as shown in the table, appear 
to be chosen to accomplish these aims. 
The median English requirement is 
6 semester-hours. If we take the aver- 
age total hours required for the degree 
to be 130 semester-hours, then the 
median English requirement among 
these institutions amounts to 6.15 per 
cent of the total. This would seem to 
be about as much as it is desirable to 
allot. Whether or not it is sufficient 
depends, not on the number of hours, 
but on the quality of the instruction 
and on many other factors, including 
an important one which might be called 
the “cultural atmosphere” of the cam- 
pus. 

To eliminate the freshman English 
course from the engineering curriculum 
might appear to be a step in the wrong 
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direction. The Committee on Engi- 
neering Education After the War ap- 
parently did not think so. That it can 
be done successfully is indicated by the 


fact that at least two prominent state - 


universities have done so. Surely it 
would be a drastic change and would 
be certain to meet determined op- 
position if the only justification we can 
advance for it is to gain time for other 
things. 

On the whole, the median time al- 
lotted to non-technical subjects fits well 
with the recommendations of the Com- 
mittee. The total non-technical me- 
dian, excluding English, is about 13.85 
per cent of the entire 130 semester- 
hours. If we include the first three 
subjects in the table with this, the me- 
dian requirement is almost exactly the 
recommended 20 per cent. As _ has 
been pointed out by Boarts and 
Hodges,* this number is relatively un- 
important. So let us inspect the re- 
sults in the table more closely. 

In the first place, the above figures 
include business administration, a 
course which is easily justified as im- 
portant in an engineer’s training but 
can hardly be considered a humanistic 
or social study. History and govern- 
ment might be termed basic foundation 
for good citizenship and a sense of civic 
responsibility, yet one or the other is 
required in only half the curricula stud- 
ied. Two schools permit a choice, but 
not one of the 22 requires both history 
and government, a fact not shown in 
Table I. 

If engineers are to be “counted in 
full proportion among groups which 
read books, discuss ideas...” then 
at some time during their education 
they should be introduced to the great 
books and great ideas of mankind. 


* JoURNAL OF ENGINEERING EpucaTION, 
Vol. 36, Jan., 1946, p. 342. 
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What better place than in a well- 
planned course under the direction of 
a scholar who is a specialist in the field? 
Only 7 of the 22 schools make certain 
of this introduction through a required 
course. Two others recommend it 
strongly, the remaining 13 apparently 
leaving it to chance. 

Psychology and sociology seem to be 
largely neglected among this group. 
Such neglect is not at all consistent with 
our stated aims. Many reports indicate 
that some of the greatest difficulties en- 
countered by young engineers are diff- 
culties of adjustment to people and to 
social situations. It is true that there 
are many campus experiences outside 
the classroom from which students may 
learn to make such adjustments. Un- 
doubtedly many do so successfully, but 
the many who fail to make satisfactory 
adjustments, easily and naturally, to 
the personal and social situations they 
meet in the early years after graduation 
are an indication that appreciable num- 
bers fail to acquire during their college 
career the ability to analyze and solve 
the difficult problems of getting along 
with other people. The increasing so- 
cial responsibility of engineers has been 
emphasized so often that it hardly need 
be repeated here. Yet meet it we must, 
and certainly a systematic study of 
psychology and sociology would be a 
great help, both in meeting this re 
sponsibility in later years and in solv- 
ing the personal problems of early 
years. 

Only two of the 22 curricula studied 
require a foreign language. Foreign 
language has never been generally re- 
quired for engineering students. It is 
included here only because this is an 
indication that a very useful aid in 
acquiring appreciation of literature, the 
fine arts, philosophy and citizenship is 
being overlooked. 
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Required study of any phase ‘of the 
fine arts is missing entirely from all of 
these curricula. That is an unfortu- 
nate coincidence since it is not truly 
representative of all curricular require- 
ments in engineering. Some schools 
do have requirements including appre- 
ciation of music and art. But in a way 
this is representative ; representative of 
the fact that the large body of engi- 
neers have not yet gotten around to 
considering appreciation of the fine arts 


as a necessary part of our “designed se- . 


quence of courses.” 

Students learn many things that are 
not included in the subject matter of 
their required courses ; even many good 
and useful things. It is not possible to 
include everything we want our stu- 
dents to learn in required courses. 
Many of the apparent omissions are 
well taken care of in extra-curricular 
activities such as student branches of 
professional societies, or in elective 
courses. In some cases, departmental 
recommendation for the election of cer- 
tain courses is so strong as to amount 
to requirement, although it might be 
better to be more honest and say that 
enrollment in such courses is required. 
However, when enrollment in courses 
such as literature, philosophy, fine arts, 
is truly elective on the part of the stu- 
dents, there can be no assurance that 
all, or even an appreciable portion, of 
our graduates will have adequate foun- 
dation in the fundamentals of the hu- 
manistic-social studies. Students are 
too prone to choose courses on the basis 
of the reputation (among fellow stu- 
dents) of the professor, and: it is hu- 
man nature to avoid as much as pos- 
sible that about which we know noth- 
ing. To learn to rise above this ten- 
dency and seek out the unknown is part 
of the educative process, best learned 
by meeting new situations often enough 
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to lose our fear of the experience. The 
subject about which a student knows 
nothing is very often the one he needs 
most to study. 

If the elimination of electives is con- 
sidered undesirable, the loss must be 
balanced by our gain in progress to- 
ward our stated purposes. If we can- 
not teach our students everything they 
need to know in required courses, at 
least we can require a sufficient variety 
of courses to be sure that they have the 
abiding interests and adequate founda- 
tions which will enable them to con- 
tinue their educational growth through- 
out life, in the directions which our 
collective experience has found de- 
sirable, and in fact, almost necessary, to 
the successful engineer. 

The descriptions of curricula and 
courses found in catalogues give a 
very incomplete picture of the training 
being given in any school. The me- 
dian numbers of semester-hours shown 
in Table I have very little significance 
in themselves ; the median is so seldom 
the actual number required in any of 
the curricula. However, some small 
part of the total picture of engineering 
education can be gained from these 
data. 

The curricula upon which this study 
is based were picked at random, as has 
been previously mentioned. This is 
not a selected sampling and so cannot 
be considered truly representative of 
the general practice, although it should 
approximate it to some degree. Un- 
der these circumstances, probably the 
most significant facts are the omissions, 
or deficiencies, found. Some attempt 
has been made here to emphasize those 
omissions. 

The required course is our best- 
controlled and most reliable means of 
making sure that our graduates have 
the foundations of a well-rounded edu- 
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cation. How it is used must be deter- manistic-social stem of engineering edu- 


mined for each institution on the basis 
of the problems and situations peculiar 
to each; however, if we do not use it 


to the best advantage in achieving our - 


objectives, then we must either try to 
set up other agencies to accomplish the 
purpose or more carefully control pres- 
ently existing agencies such as extra- 
curricular activities. The other choice 
is to leave the outcome entirely to 
chance. None of these alternatives ap- 
pears very desirable. 

While the results of this study do not 
present concrete facts useful to any 
college or university, they do constitute 
another strong argument in favor of a 
re-survey and critical scrutiny in every 
accredited engineering college of the 
means employed to accomplish the 
adopted aims and purposes of the hu- 


cation. 

On the whole the trend seems to be 
good. The people most directly con- 
cerned with engineering education are 
working at the problems of improve- 
ment and seriously trying to find solv- 
tions. But there is much to be done 
and numerous changes to be made be- 
fore many of us can say that we have 
a well-planned educational program 
with definite objectives and reasonable 
assurance that they are being achieved. 
Before these changes will be made, a 
large majority of the members of the 
engineering profession, and particularly 
of engineering faculties, must appreci- 
ate the great importance to the future 
of the profession and of civilization of 
a program which will accomplish all 
of the stated aims of engineering edu- 
cation. 
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The Teaching of Statistics for Quality Control * 


By LLOYD A. KNOWLER 


Chairman, Department of Mathematics, State University of Iowa 


During this time of revision, re- 
conversion and curriculum changes, it 
isonly natural that we as educators and 
as representatives of industry focus our 
attention on that phase of our course 
of study commonly referred to as qual- 
ity control by statistical methods. It 
is particularly fitting for this discussion 
to be taken up at a meeting of the 
American Society for Engineering 
Education because of your interest in 
new developments and of your desire 
to promote sound education in engi- 
neering. 

The primary purposes of this paper 
are to review briefly the history of 
statistical quality control, to indicate 
the scope of quality control courses, to 
refer to some needs of industry which 
the writer has encountered, to mention 
some of the savings involved, and to 
make some suggestions which the col- 
leges and universities might follow to 
aid in the solution of the problems by 
presenting information to our students 
to use in their work upon securing 
positions after graduation. This is not 
an easy task. In fact, each of the points 
deserves much more attention than can 
be provided in one discussion. We can 
only hope to obtain somewhat of an 
overall picture. 

A relatively new approach to quality 


*Presented at joint meeting of the Engi- 
neering Economy and Industrial Engineering 
Divisions, S.P.E.E., St. Louis, June 20-23, 
1946, 
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control has been through a more in- 
tensive use of statistics; not statistics 
by itself but with the cooperation of 
management, engineers, and other per- 
sons concerned. Only during the past 
few years have many industries made 
much use of statistical quality control. 
Probably not nearly as many industries 
made use of it prior to the war as one 
might be led to believe in listening to 
certain reports today. During the war 
it became necessary for industries to 
manufacture goods although hampered 
by a lack of materials and an inadequate 
number of trained personnel and to 
produce those goods to meet certain 
specifications without much loss of time. 
It was desirable to get more informa- 
tion out of less data. It was necessary 
to design experiments so the data ob- 
tained would be meaningful. It was 
found that statistical procedures were 
very beneficial. 

The Office of Production Research 
and Development of the War Produc- 
tion Board cooperated with educational 
institutions in giving short, intensive 
courses in quality control by statistical 
methods. For the most part these 
courses were eight days in length. The 
first day was usually designed as a 
special session for executives and train- 
ees while the following seven days 
consisted of conferences, lectures, and 
laboratory periods. A large number 
of the trainees were individuals who 
had a great deal of responsibility in 
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their organization. This was especially 
true during the later courses when 
management, including engineers, real- 
ized more fully the value to them and 


to their organization. Each course was - 


usually followed by four to six one-day 
follow up sessions at intervals of ap- 
proximately one month. These follow 
up sessions proved to be very much 
worth while—in fact, in many cases 
these follow up sessions still continue. 
Questions which arose in practice are 
reviewed at these meetings; additional 
laboratory exercises are considered; 
and new developments are presented. 
Thirty-four such intensive courses 
were given throughout the United 
States. Over 3,600 industrial repre- 
sentatives attended the special one-day 
sessions for executives, of which num- 
ber nearly 1,900 completed the entire 
course. We, at the University of Iowa, 
were fortunate in being able to co- 
operate by giving two of these courses. 

Last November we sponsored a ten 
day course in Quality Control by Sta- 
tistical Methods. Arrangements are 
being made for a fourth one October 
15-25 of this year. 

A few educational institutions in the 
industrial areas have provided part 
time courses, largely in the evening, 
which has helped to supply the need 
for engineers who are trained in this 
area. 

A number of plants have conducted 
in-plant training courses; some for- 
mally, some informally, In fact, it is 
not unusual for a trainee who has taken 
an intensive course or a part time 
course to give an in-plant training 
course upon his return to the plant. 
This is to be encouraged. The trainee 
benefits by presenting his views to 
others. When done in a cooperative 
manner, it tends to build the confi- 
dence of others in him. 
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The reports of industrial representa- 
tives who have taken these courses 
have been spectacular. To mention a 
few of those with whom the writer has 
been in contact either directly or in- 
directly: one concern estimated a say- 
ing of several hundred dollars per week 
by making the contents of packages 
more uniform. This figure, inciden- 
tally, was given by an independent 
source, and not by the individual in- 
terested in promoting the procedures 
in his company. Another concern had 
ordered machinery to the extent of 
one hundred thousand dollars. By 
statistical procedures they were able to 
determine the lack of a need for such 
machinery. The order was cancelled. 
Recently a representative of another 
concern told me that through investiga- 
tion of points out of control the engi- 
neers took action, made what were not 
major adjustments and the processes 
which resulted are estimated to mean 
two hundred and fifty thousand dollars 
to the company. Another company re- 
duced scrap and rework from over nine 
per cent to nearly two per cent. A 
large clerical office made a reduction of 
from thirty to forty per cent in the 
number of errors within a year’s time. 
Another company which produced 
small parts inspected millions of pieces 
each year prior to the installation of 
some sampling procedures through 
statistical methods. At the present 
time it is only a small proportion which 
is examined. They maintain that a 
better product results because they now 
know where and when to look for de- 
fective material, and it is well recog- 
nized that no need exists for sorting 
good materials. These illustrations are 
for the most part taken from large com- 
panies, but in each case one should 
realize that a particular solution is ap- 
plied to one unit of the company. 4 
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small section of a large unit or com- 
pany would in itself represent a small 
concern. In fact, the savings are prob- 
ably of greater proportion in small 
concerns than in the large ones. One 
small plant of five or six employees re- 
ported a savings of approximately fifty 
per cent within a short time. 

In each of these examples statistical 
procedures by themselves did not cause 
the savings. In fact, it was the co- 
operation of the engineering depart- 
ments which enabled changes, for the 
most part minor ones, to be made so 
that the savings could result. Statis- 
tical procedures pointed to the place 
for action! 

In the first of the training courses 
considerable emphasis was given to in- 
spection. A great deal was mentioned 
concerning the lowering of inspection 
costs. In the middle west we did not 
follow this pattern. In fact, in many 
cases the inspection cost may have 
risen at first. Our emphasis has been 
upon better quality. Actually we have 
obtained better production at less cost. 
We emphasize the need to control the 
quality while the product is being made 
and at the time it is being made. We 
make no attempt to produce quality by 
sorting the bad from the good, or the 
good from the bad, after it has been 
made. Consequently our emphasis has 
been to a large extent upon production 
developing means whereby attention 
could be focused on the process when 
things are not going right and insisting 
that changes not be made when things 
are going right. At the present time a 
great deal of use is being made of 
quality control by statistical methods 
in design and specification. Engineers 
are beginning to ask what the machine 
will do rather than setting some specifi- 
cation at what they think should be 
done. Will the machine meet the toler- 


TEACHING OF STATISTICS FOR QUALITY CONTROL 





711 


ance? What is the smallest tolerance 
which can be met economically? Engi- 
neers have discovered that it is un- 
economical to require close tolerances 
which the machines are unable to meet. 
It is uneconomical to have 100 per cent 
inspection or sorting in many cases. 
Furthermore, they are beginning to 
realize that the man in the shop recog- 
nizes that variation between parts ex- 
ists, and consequently tolerances must 
be made so as to meet the variation or 
it is necessary to change a method, a 
process, and have 100 per cent sorting. 
This has gradually brought about ad- 
ditional problems for research and de- 
velopment. In fact, most of the more 
difficult problems which the writer has 
encountered have been in those plants 
where not long ago the engineer and/ 
or the management were certain that 
little or no theory was involved in the 
practical applications. This attitude 
has changed. It is now recognized that 
theory and practice go hand in hand— 
probably the same. What works in 
practice has a reason, that reason is the 
theory. What was thought to be highly 
theoretical a few years ago is highly 
practical today—industry is beginning 
to realize a greater need for knowing 
the reasons. 

Partially from a demand following 
various types of courses, and possibly 
because of industry itself a society en- 
titled THe AMERICAN SOCIETY FOR 
Quatity Controt has been formed 
during the past few months. At our 
formation meeting in New York last 
February we had seventeen or eighteen 
persons who officially represented 
nearly 1,200 members. A journal en- 
titled Industrial Quality Control is sup- 
ported by the Society. Its Editorial 
Board consists of people in colleges and 
in industry. The whole undertaking 
entails close cooperation between the 
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colleges and industry, with industry 
carrying its full share of the load. 

Our immediate question, the one be- 
fore us now, refers to what the colleges 
and universities can do. 
intensive courses are helpful. It might 
be desirable for a few institutions to 
continue the practice for at least a few 
years. It is doubtful, however, if it is 
advisable for a great number of edu- 
cational institutions to promote this 
practice. Much time and effort is nec- 
essary to do an effective job. Industry 
demands thoroughness and unless sev- 
eral candidates are in attendance the 
right kind of spirit is not attained. 
Some evening courses are helpful for 
those schools located in industrial cen- 
ters provided the right type of person- 
nel is available to conduct the course. 
No doubt companies will continue to 
conduct in-plant training courses which 
will probably continue to be rather 
limited in scope and designed only for 
a particular job. 

These are aids and worthwhile ones. 
They do not reach the fundamental 
problem of training quality control en- 
gineers or of training engineers to make 
use of quality control by statistical 
methods. This should be done at the 
College or University while the indi- 
vidual is securing an engineering edu- 
cation. 

At one time many people thought 
quality control by statistical methods 
should probably be a course in me- 
chanical engineering and in mechanical 
engineering alone. A little later some 
thought it should be in industrial engi- 
neering and in industrial engineering 
alone. Others refer to it as a re- 
quirement for chemical engineering. In 
fact, it has been recommended that it 
be put into about every branch of en- 
gineering according to the interest of 
the persons who happen to make the 
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suggestions. As in determining the 
place for a quality control organization 
in an industrial plant, much depends 
upon the personnel available. The 
course must be accessible to the stu- 
dent—not merely possible for him to 
register. Maybe the course should be 
put into the general engineering pro- 
gram. 

It would be my suggestion that it be 
of at least three semester hours’ length 
given during the senior or graduate 
year. Furthermore, it would be my 
suggestion that, at least for the present, 
it be made an elective course. It is 
very likely that we could better meet 
the demands of industry. by having am 
elective course where the majority of 
the students are interested rather than 
by having a required course where 
everyone would take the course but 
some would not be enthusiastic. Giv- 
ing the course during the senior or 
graduate year has the advantage that 
the student has had the benefit of at 
least two or three years of mathematics, 
has had training in engineering meth- 
ods, and is interested in securing a 
position in the near future. By so do- 
ing the teacher could draw upon the 
engineering knowledge of the student 
and consider problems which would 
otherwise be rather difficult if not im- 
possible for them to understand. The 
idea could be better brought out that 
for greatest benefits it is necessary to 
draw upon an entire program—not a 
single phase. 

In fact, it has been reported that 
some fifty colleges and universities are 
going to give such a course this fall. 
Such a report disturbs me somewhat 
in that it is possible for the universities 
to do as industry has tended to do— 
upon making one or two successful ap- 
plications of quality control by statis- 
tical methods, a request is made for 
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“two or three carloads” to be delivered 
immediately. We do want to go only 
as rapidly as possible and still be on 
sound principles. 

It is important that the person in 
charge of the course understand pretty 
dearly the fundamental principles un- 
derlying the theory to be applied. The 
writer, in attending many follow up 
sessions, has heard answers given to 
questions long: before he could even 
understand the basic problem; answers 
to problems in which the writer feels to 
be somewhat qualified and where it has 
been thought that the person answering 
the question had little training and 
probably no practical work. Had such 
answers been accepted—and in many 
cases they would have been, had not 
someone requested more information— 
disastrous results would have been ob- 
tained. The blame would have been 
put upon the statistical methods while 
actually it was the fault of the person 
who answered the question. 

Furthermore, the individual in 
charge of the course must be able to 
cooperate with other units involved. 
That is one of the basic principles we 
have always stressed in discussions 
with our trainees concerning the in- 
stallation of quality control in their 
plants. The individual who makes an 
installation cannot be a lone eagle. - In 
addition to having a knowledge of the 
problems of management, he must work 
with other individuals in the plant. 
The program is not going to succeed 
because of only one person. Those on 
the line, the men at the machine, the 
girls in the aisle, the clerical help in 
the office, are the ones who are going 
to make it work. The quality control 
engineer must be willing to work with 


TEACHING OF STATISTICS FOR QUALITY CONTROL 





713 


people, explain their problems, admit 
he does not know all the answers, give 
credit to his associates, and encourage 
them if success is to be assured. Should 
a would-be quality control engineer be 
interested only in hanging on to the 
coat tail of a vice-president, maybe 
some other position in the plant would 
be a better one for him in so far as 
quality control is concerned. The 
quality control engineer must work 
with management and employees—he 
must be a high grade individual and 
one who has responsibility. 

Suggestions have been made to place 
quality control by statistical methods in 
an area other than engineering. Some 
basis exists for this suggestion. Pro- 
fessions other than engineering are be- 
coming interested. The accounting 
profession is interested; probably from 
a view of budgetary control. The as- 
sociation of science and mathematics 
teachers of the high schools is inter- 
ested, probably from a view of future 
vocation. Certain clerical offices are 
interested, possibly in its application 
to the elimination of error hazards. 

However, the greatest progress has 
been made in the engineering profes- 
sion—it is here that many opportunities 
lie. Many of us sincerely feel that the 
surface has not been scratched. It is 
in the engineering colleges that future 
engineers are reached, it is here we 
have young men (and women) trained 
in a scientific profession where applica- 
tions are needed, it is here we look for 
new developments in our scientific 
world. It is up to our engineering col- 
leges to be certain that our graduates 
have had access to this new develop- 
ment which promises to be a perma- 
nent one. 








































College and Professional Registration Examinations* 


By H. T. PERSON 


President, National Council of State Boards of Engineering Examiners 


A. DEVELOPMENT OF EXAMINING BY 
STATE REGISTRATION BOARDS 


A brief review of the development 
and growth of the procedure and prac- 
tice of examining candidates for regis- 
tration as Engineers by State Boards 
is, I believe, germane to the question 
of the relationship of college examina- 
tions to those given candidates for 
registration as Professional Engineers. 

The first registration law for En- 
gineers was adopted by Wyoming in 
1907. During the next twenty years, 
or by 1927, twenty-one states had En- 
gineering Registration Statutes. To- 
day 47 states, Alaska, Hawaii, the 
Philippine Islands and Puerto Rico 
have Engineering Registration laws. 
Only one state (Montana) does not 
have an Engineers registration law. 

During the first 20 years of the his- 
tory of Engineering Registration Laws, 
in fact up to about 1930, there was 
wide variance in the methods of ex- 
amining candidates for registration by 
the various State Boards. There was 
little, if any, uniformity in the type, 
content and degree of difficulty of the 
examinations given by the various 
State Boards. In 1927 less than one- 
third of the Boards required all candi- 
dates to take a technical examination. 
Many State Boards did not require 


* Presented at the 54th annual meeting, 
S.P.E.E., Educational Methods, St. Louis, 
June 20-23, 1946. 


graduates of Engineering Colleges to 
take an examination. Up to this time 
many State Boards undoubtedly gave 
examinations that were more or less 
perfunctory and didn’t contribute 
much, if anything, toward determining 
whether or not the candidate was 
qualified to practice professional en- 
gineering. The length of the exami- 
nations given by the Boards that used 
written examinations varied from 
to 5 days. 

In 1929 the National Council of 
State Boards of Engineering Examin- 
ers, which was organized in 1925, ap- 
pointed its first Committee to study 
the question of examinations. Since 
that time Committees of the N.C.S.B. 
E.E. have been working continuously 
on various phases of examinations, 
both written and oral. 

In 1931 N.C.S.B.E.E. Committee on 
Examinations made the first compre- 
hensive report on engineering regis- 
tration examinations. Some of the 
more important recommendations of 
the 1931 Committee which were ap- 
proved by the Council are: 


1. Written examinations should be 
maintained as a standard require- 
ment for the registration of pro- 
fessional engineers. Exemptions 
should be granted only in excep- 
tional cases of obvious outstand- 
ing educational and professional 
qualifications. 
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2. Exemption from examinations of 
engineering college graduates is 
not favored. 

3. The major part, or about %4 of 
the written examination, should 
be uniform for all applicants for 
registration and the remaining, 
or about 14, may be differen- 

‘ tiated for the various major 
branches of Engineering; such as 
Civil, Mechanical, Electrical, 
Mining, etc. 

4. Written examinations should be 
at least two (2) days long, and 
preferably three (3) days. 

5. Oral examinations should be pro- 
vided to supplement the written 
examinations in special cases. 


The present practice of the State 
Boards of Engineering Examiners may 
be summarized about as follows: 


1, All Boards use written examina- 
tions for some applicants. Most 
State Boards require some type 
of written examination for all 
young applicants. A few Boards 
still exempt graduates of ap- 
proved engineering colleges from 
all examinations. 

2. The length of the written ex- 
aminations given by the differ- 
ent State Boards varies from one 
to four days—with a majority of 
the Boards favoring and using a 
two day examination. 

3. The content, type and degree of 
difficulty of the written examina- 
tions given by the different State 
Boards are much more uniform 
today than it was 20 or even 15 
years ago. Probably a majority 
of the Boards give all applicants 
for registration a uniform one 
day examination covering mathe- 
matics, applied sciences, me- 

chanics, statics and engineering 
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materials—and a one day differ- 
entiated examination covering the 
branch of engineering (Civil, 
Electrical, Mechanical, etc.) in 
which the applicant is particu- 
larly interested. 

4. Very few Boards, and possibly 
only one, give all applicants an 
examination covering the sub- 
jects of economics, engineering 
law and professional ethics. The 
majority of the Boards, if they 
examine the applicant at all in 
these fields, do it as part of the 
one day differentiated examina- 
tion covering the applicant’s par- 
ticular field of engineering. 

5. A number of Boards exempt 
graduates of approved engineer- 
ing colleges from examinations 
in the fundamentals—such as 
would be covered in the one day 
uniform examination for all ap- 
plicants mentioned under (3) 
above. 

6. Today, I believe only 4 and possi- 
bly 5 State Boards require all 
applicants to take an oral ex- 
amination. About one quarter of 
the Boards require oral examina- 
tions of some candidates. 


The present status and practice of 
the State Boards in connection with 
the Engineer-in-Training program 
should, I believe, be of interest to en- 
gineering educators. The latest avail- 
able data show that the Engineer-in- 
Training program has been started by 
at least six State Boards (New York, 
Ohio, Iowa, Minnesota and Missouri). 
The matter of getting the program 
under way is under consideration by 
at least fifteen additional State Boards. 
I believe that most, if not all, the six 
State Boards that have started the En- 
giner-in-Training program require a 
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written examination of all applicants 
for certification as Engineers-in-Train- 
ing. 


A survey made in 1944 by the N.C.. 


S.B.E.E.’s Committee on Written Ex- 
aminations indicated that a large ma- 
jority of State Boards favored the use 
of a written examination as a means of 
determining an applicant’s fitness for 
certification as an Engineer-in-Train- 
ing. A few State Boards felt that 
graduates of approved Engineering 
Colleges should be exempted from the 
written examination. The N.C.S.B. 
E.E.’s Committee was of the opinion 
that a written examination about 8 
hours long with emphasis on such 
fundamental subjects as mathematics, 
physics, and mechanics was desirable 
for all applicants for certification as 
Engineers-in-Training. 


B. Types AND OBJECTIVES—COLLEGE 
AND REGISTRATION EXAMINATION 


To my knowledge no American en- 
gineering school gives a comprehen- 
sive examination to determine if a 
student is qualified for a degree in En- 
gineering. The College examinations 
are given piecemeal over 8 semesters or 
12 quarters and are given to deter- 
mine if the student is doing satisfac- 
tory or passing work in a particular 
subject such as calculus, mechanics or 
reinforced concrete design. The ex- 
amination covers material in a single 
course which the student has been 
studying for 12 or 16 weeks at the 
longest, and is given at the time he is 
studying the course. In other words 
the primary objective of college ex- 
aminations is to test a student’s knowl- 
edge of a single or part of a single 
course at the time he is or has just 
completed studying that course. 

The purpose or objective of an ex- 
amination given to an applicant for 
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registration should be to test or meas- 
ure fairly and accurately his fitness or 
lack of fitness for professional engi- 
neering practice. The time element 
does not permit testing an applicant 
for registration on everything that he 
should know. Examinations must be 
carefully prepared to give reliable re- 
sults. It is desirable that the examina- 
tion should, in some way, test the ap- 
plicant’s engineering sense and ability, 
Since the essential objective of the ex- 
amination should be to determine the 
applicant’s qualification as an engineer 
and not as a specialist, the examination 
should be broad in scope and basic 
rather than specialized. 

Careful preparation of college ex- 
aminations, although it certainly is de- 
sirable, is not as important as the care- 
ful planning and preparation of pro- 
fessional registration examinations. 
Registration examinations must be 
skillful sampling to give reliable re- 
sults. Since much more time is de- 
voted to examinations in college 
courses (probably between 200 and 
300 hours during a 4 year college 
career) then would be possible in reg- 
istration examinations, careful prep- 
aration of the examinations is not as 
essential to obtaining reliable results. 


C. REGISTRATION EXAMINATIONS FOR 
CoLLEGE GRADUATES 


As was noted earlier a few State 
Boards still exempt graduates of ap- 
proved Engineering Colleges from any 
examination. Some State Boards ex- 
empt engineering graduates from the 
examination in fundamentals such as 
mathematics, applied science and me- 
chanics, but require them to take an 
examination in a particular branch of 
Engineering (Civil, Electrical, Me 
chanical, etc.). 
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After 12 years as a Member of a 
Board of Enginering Examiners, I am 
astrong advocate of giving written ex- 
aminations to all young applicants for 
registration. The only applicants the 
Wyoming Board now exempts from a 
written examination are those of na- 
tionally recognized professional status, 
those certified by the National Bureau 
of Engineering Registration and those 
registered in other States by examina- 
tion. 

I appreciate that advocates of ex- 
empting graduates of approved engi- 
neering colleges from written exami- 
nations, when they apply for registra- 
tion as professional engineers, make 
the claim that it is useless to duplicate 
examining that has already been done 
by the engineering colleges. In the 
first place the Engineering Colleges 
have not given the applicant a compre- 
hensive examination, and the examin- 
ing done by a State Board should cer- 
tainly not be duplication of the piece- 
meal examining by subjects done by 
the colleges. Secondly, most State 
Engineering Registration laws require 
an applicant to have 4 years of engi- 
neering experience of a character satis- 
factory to the Board. The only re- 
liable way to measure if the applicant 
has grown technically during the four 
years as a result of this engineering ex- 
perience is to examine him—and the 
most reliable and satisfactory method 
of examining him is by a written ex- 
amination. I think it has been the ex- 
perience of every State Board that does 
not exempt graduates of approved en- 
gineering colleges from written ex- 
aminations, that it definitely would be 
an unsound policy to do so. The State 
Boards that require a written examina- 
tion for engineering school graduates 
have found that engineering college 
graduates do fail the examinations. A 
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number of these fail repeatedly. I am 
sure that if all Boards followed the 
policy of exempting engineering col- 
lege graduates from written examina- 
tions—a goodly number of applicants 
would be registered engineers today, 
who are not. 

Furthermore I believe the prospect 
of taking an examination for registra- 
tion is definitely an inducement to the 
young engineer for continued study 
and professional growth. 

In regard to the Engineers-in-Train- 
ing who are certified at the time of grad- 
uation—the matter of requiring a writ- 
ten examination might be different. 
Personally, I don’t believe they should 
be exempted from the written examina- 
tion. I think the experience of those 
State Boards, that require the ap- 
plicant for certification as Engineer- 
in-Training, to take a written examina- 
tion shows rather conclusively that ex- 
emption from the written examination 
is an unsound policy. When engi- 
neering colleges require a compre- 
hensive examination over the four 
years of college work as a prerequisite 
to obtaining an engineering degree 
—then and only then should the State 
Boards exempt college graduates from 
the written examinations. 


D. OraL EXAMINATIONS 


It has been suggested a number of 
times that the State Boards should ex- 
empt engineering college graduates 
from written examinations, and use 
oral examinations in lieu of the writ- 
ten examinations. Oral examinations 
have not been used either extensively 
or effectively by Boards of Engineer- 
ing Examiners as a means of measur- 
ing an applicant’s fitness for registra- 
tion. This indefinite and ineffective 
use of the oral examination is due pri- 
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marily to the inherent disadvantages 
or weakness of the oral examination. 
The most critical weakness of the 


oral examination is its unreliability as. 


a measuring device. Studies have 
shown that even experienced oral ex- 
aminers will rate a candidate widely 
different on the same oral examina- 
tion. The reliability of the results ob- 
tained from the members of a Board 
of Engineering Examiners, with little 
if any experience in oral examinations, 
would certainly be questionable. 

Standardization is difficult, if not 
impossible, to obtain in oral examina- 
tions. Anyone who has sat on oral 
examinations realizes and appreciates 
this weakness. It would be unusual in- 
deed if two oral examinations were of 
the same degree of difficulty. Some 
oral examinations are well conducted 
and are thorough in every respect. 
More are poorly conducted and ex- 
tremely superficial. 

Oral examinations, and especially 
those conducted by inexperienced ex- 
aminers, do not cover an adequate 
sampling of questions. The sampling 
of questions varies widely for different 
applicants examined by the same 
group. Variations between different 
Boards would be even still greater. 

Oral examinations are uneconomical 
from the standpoint of time. To as- 
sure any degree of reliability from an 
oral examination requires that a num- 
ber of examiners rate the candidate on 
the oral examination. This means us- 
ing more of Board Members’ time than 
would be required for written examina- 
tions. In fact, the time element makes 
oral examinations for all candidates 
absolutely impractical for any State 
Board that handles a large number of 
applicants each year. 

The oral examination has some ad- 
vantages that make it a desirable meas- 
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uring. tool in some instances. The 
oral examination makes it possible to 
individualize the examination of an 
applicant. Also the critical examiner 
can make the oral examination more 
critical and searching than a written 
examination. It gives the opportunity 
to observe how the applicant thinks— 
how he arrives at his conclusion. In 
other words it gives the opportunity 
to closely examine his mind. 

If the oral examinations are to be 
used effectively in measuring fitness 
for registration, they cannot be a “hit 
and miss” proposition. They need to 
be given the same serious considera- 
tion that is given a written examination, 
Examiners sitting on oral examina- 
tions should prepare at least a few 
well selected questions in advance. 
This results in a more adequate sam- 
pling of questions, and some questions 
of sufficient difficulty so that the an- 
swers given by the candidate would be 
some measure of his fitness for regis- 
tration. Also advance preparation 
would result in more uniformity in the 
difficulty of the oral examination given 
to various candidates. 

The method of conducting the oral 
examinations should be planned in ad- 
vance. Oral examinations conducted 
as “hit and miss” and “spur of the 
moment” propositions generally result 
in superficiality, and give little real in- 
formation on a candidate’s fitness for 
registration. The questioning should 
be guided in accordance with previ- 
ously devised plans. The examiners 
must maintain control of the examina- 
tion and must avoid letting the cat- 
didate maneuver the examination to 
his liking. 

Most candidates are scored in oral 
examinations from “general impres- 
sions.” “General impressions” are 
highly unreliable. With questions pre- 
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pared in advance, it would be possible 
to rate each question as to its degree 
of difficulty. Each examiner should 
sore the candidate on each question. 
The method of scoring a candidate will 
give much more reliable results than 
soring from “general impressions.” 
In closing I admit I have stayed 
away most of the time from the sub- 
ject—“Relationship of College Ex- 
aninations to Examinations for Pro- 
fessional Engineers’—which was as- 
signed to me. Frankly under present 
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conditions I don’t see much, if any, re- 
lationship. When engineering col- 
leges give comprehensive examinations 
covering the four years of college work 
—there is bound to result a much 
closér relationship—and when that 
time comes State Boards could exempt 
engineering college graduates from ex- 
aminations in the fundamentals. Also 
when that time comes the engineering 
college graduate could be certified as 
an “Engineer-in-Training” without any 
examination. 





































Cooperation Between Departments of Physics and 
Mechanics in Engineering Colleges 


By R. Z. WILLIAMS 


Missouri School of Mines and Metallurgy 


The teaching of mechanics to engi- 
neering students is so affected by the 
students’ previous courses in mathe- 
matics and general physics that the 
usual methods of teaching those broad 
subjects must be considered in discuss- 
ing the teaching of mechanics. 

Instruction in arithmetic is started 
while the student is in the lower grades 
and is still a child. It is continued 
slowly through grade school, the 
youngster growing-up with arithmetic 
and using it in his life from day to day. 
Upon entrance to high-school he is in- 
troduced to algebra and plane geometry. 
He may take more than one course in 
algebra during his high-school years, 
and he may even take trigonometry and 
solid geometry. Thus he may arrive at 
an engineering college with years of 
mathematics behind him. He is no 
longer a child, and he is ready for the 
intensive mathematical training that 
he is about to receive. In rapid suc- 
cession he studies college algebra, 
trigonometry, analytic geometry, dif- 
ferential calculus, and integral calculus. 
These courses are usually fairly rigor- 
ous with the standards reasonably high, 
and properly so since the young man is 
being trained for a profession in which 
mathematics cannot be avoided. 

In the meantime, what has been this 
young man’s experience with physics? 
During his years in grade school and 
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high-school he became conscious of 
certain laws of physics through the 
events of his daily life, but he had no 
formal instruction in the subject until 
late in his high-school career. His 
high-school course in physics was nec- 
essarily very elementary since it was 
the student’s first contact with an ex- 
tremely broad science. Perhaps a few 
simple problems were solved, but most 
of the time was devoted to the develop- 
ment of an understanding of some of 
the simpler laws of physics. There 
after, the subject was laid aside, and 
its study was probably not resumed un- 
til the second year in college. The 
student’s college course in physics 
probably consisted of two semesters 
of lectures and laboratory taken con- 
currently with differential and integral 
calculus. It probably covered the en 
tire field of physics in a very genera 
way, and included the solution of a 
moderate number of problems. The 
amount of time allowed for the course 
was probably small enough to pre 
clude leisurely study since the various 
subdivisions such as mechanics, heat, 
light, sound, electricity, and magnetism 
all had to be given due emphasis. 
Nevertheless, the student emerged with 
a reasonably good working knowledge 
of the laws of physics, and with some 
problem-solving ability. 

His training in mathematics had 
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given him the ability to solve the equa- 
tions which his training in physics had 
taught him to formulate, and it re- 
mined for him to take the special 
gurses in the various subdivisions 
mentioned before. These courses in- 
duded statics, dynamics, mechanics of 
materials, thermodynamics, fluid me- 
chanics, etc. As a group, these courses 
grved as a sort of bridge from the 
purely scientific view of the physicist 
aid mathematician to the semi-scien- 
tific view of the engineer. More and 
more practical problems were intro- 
duced, each calling for its own modifi- 
cation of the theory, and each calling 
for its own simplification of the pure 
mathematics involved. The laws of 
physics were applied to real problems, 
and the solutions were obtained through 
application of mathematics. Of course, 
since the student’s formal instruction 
in physics had been rather brief, as de- 
stibed before, it was necessary to study 
more thoroughly those topics which 
had been introduced previously and to 








consider other topics that had not been 
introduced. On the other hand, it was 
assumed that the years of training in 
mathematics had been sufficient to per- 
mit solution of the problems encoun- 
tered, so that additional instruction in 
mathematics was not considered es- 
sential even though it might be de- 
sirable. Then, finally, after completion 
of these transitional courses, the stu- 
dent passed on to the strictly profes- 
sional courses in whatever curricula he 
happened to be studying. 

In view of the process just described, 
the teacher of engineering mechanics 
can decide just what training he ex- 
pects his students to have had in phys- 
its and mathematics. It is reasonable 
for him to expect excellent proficiency 
in arithmetic, and in the fundamentals 
of plane geometry, algebra, and trig- 
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onometry. He should expect some 
trouble when the more or less unusual 
geometric theorems are encountered 
and when more advanced algebra and 
trigonometry are required. The aver- 
age student can be relied upon to use 
the simpler phases of analytic geometry 
and calculus, but he will need encour- 
agement and assistance in anything be- 
yond that. However, instructors can 
and should feel that their sudents are 
capable of following explanations and 
demonstrations of problems involving 
any mathematics included through the 
course in integral calculus. For the 
instructor to avoid such free use of 
mathematics is to encourage the student 
to do likewise when he finds it painful 
to retrace the lines of thought he used 
while studying mathematics. Such 
evasion will not build engineers, nor 
will it build character. 

Now, what can the teacher of engi- 
neering mechanics expect his students 
to know about physics? He can ex- 
pect them to have been introduced to 
the fundamental quantities of force, 
time, and length. They will know the 
characteristics of vector and scalar 
quantities, and will understand what 
resultants, equilibrants, and compo- 
nents are. They will understand the 
difference in algebraic and graphic 
solutions for resultants, but their study 
will have been limited to coplanar con- 
current and coplanar parallel force sys- 
tems. The fundamental relations be- 
tween acceleration, velocity, and dis- 
placement of particles having rectilinear 
and circular motions will have been 
studied, but particles having general 
curvilinear motion will not have been 
considered. They will have considered 
Newton’s Laws of Motion, not too 
thoroughly, however, and will have 
solved problems involving bodies hav- 
ing pure translatory and rotational mo- 
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tion. They will not have considered 
general plane motion of bodies. Their 
study of bodies in equilibrium will prob- 
ably have been limited to bodies acted 


upon by coplanar concurrent or coplanar 


parallel force systems. There will have 
been an introduction to work, energy, 
impact, momentum, elasticity, stresses 
and strains in elastic bodies, and liquids 
and gases at rest and in motion. At 
least a few problems will have been 
solved in each of these topics. Con- 
sidered as a whole, their knowledge 
should be expected to consist of a col- 
lection of sound ideas concerning the 
most common and fundamental laws 
of physics, but they should not be ex- 
pected to have much problem-solving 
ability, nor should their knowledge of 
the various laws of physics be expected 
to go beyond the simpler ones. 

On the average, students beginning 
their first course in engineering me- 
chanics satisfy the expectations just de- 
scribed. Probably they impress their 
instructors just as favorably with their 
knowledge of physics and mathematics 
as the students leaving the mechanics 
department impress their instructors in 
subsequent courses. Nevertheless, 
there are certain deficiencies and er- 
roneous ideas that seem to be rather 
common among students studying engi- 
neering mechanics, and it is possible 
that frank discussion among us teachers 
might help to remedy the situation. It 
is with that thought that the subse- 
quent observations are made. 

Among students studying engineer- 
ing mechanics, there is a strong ten- 
dency to stand in awe of calculus. Too 
many students feel that it is unfair for 
an instructor in mechanics to require 
them to solve an occasional problem by 
calculus. They are often willing to 
memorize many formulae and to work 
through tedious arithmetic solutions 
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just to avoid using calculus. That they 
are sometimes aided and abetted in this 
attitude is indicated by the occasional 
textbook that has been written without 
use of calculus. It is admitted that the 
student cannot have completed his 
courses in calculus prior to his study of 
physics. Instead he usually takes caleu- 
lus and physics simultaneously. But 
why avoid using calculus? Would it 
not be better to apply it at every op- 
portunity in a physics course? 

Too many students exhibit extreme 
carelessness in simple algebraic manipv- 
lations. Their handling of algebraic 
signs is a case in point, and again thev 
sometimes receive encouragement. I 4) 
instance, in applying the Law of Cy: 
sines a “Modified Law of Cosines” is 
sometimes recommended for those cases 
where the included angle is greater than 
90°. This “Modified Law of Cosines” 
simply changes the negative sign in the 
last term of the conventional Law of | 
Cosines so that the student need not be 
bothered by a negative cosine function. 
Of course it works, but why avoid the 
fact that cosine functions are sometimes 
negative ? 

The writer feels that we teachers may 
have been guilty of over-simplification. | 
Not long ago, he gave two classes in 
statics very similar examinations, each 
containing a crane type framework. 
In one of these examinations, all di- 
mensions were. given horizontally and 
vertically while in the other one, all 
dimensions were given along the mem- 
bers. This meant that all lever arms in 
this last examination had to be calcu- 
lated by trigonometry and geometry. 
There was a 30 point difference in the 
average grade of the two classes, the ex- 
amination requiring trigonometry and 
geometry resulting in the lower grades. 
Would it be a good idea to give the di- 
mensions of our problems so that some 
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trigonometry and plane geometry have 
tobe used? Apparently the students 
need to be forced into refreshing their 
memories. 

Many students coming from their 
first course in physics have paid too 
little attention to the characteristics of 
forces. They may know that a force 
has magnitude, direction, and location, 
but their study has been mainly on 
force systems in which location of the 
forces presented no problem so that 
only magnitude and direction were 
found. It should be emphasized that 
the stability of many structures de- 
pends upon the location of the resultant 

ce on that structure. It should also 
vemphasized that, while the Principle 
of Transmissibility is correct when con- 
sidering the motion effect of forces, it 
isnot valid when considering the defor- 
mation, stress, and strain in bodies. 

The study of mechanics involves the 
conception of free-body diagrams to 
such a great extent that this idea should 
be presented during the course in phys- 
ics. The student should be taught to 
isolate the body being considered, to 
show a force acting on that body at 
every point at which some other object 
touched it, and to show the gravitational 
force. He should be made to under- 
stand that the forces shown on the free- 
body diagram will cause the body. to 
have exactly the same motion as the 
body had in its normal position. He 
should learn that these forces all act 
simultaneously and therefore cannot be 
treated separately, and that the motion 
fixes the forces, or that the forces fix 
the motion. If students could begin 
their course in statics with a clear un- 
derstanding of free-body diagrams, 
considerable time could be saved. 

To the student beginning a study of 
the motion of a particle, acceleration is 
a mysterious thing. He is troubled by 
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such questions as how there can be an 
acceleration without a velocity, and how 
the magnitude of a velocity can re- 
main unchanged even though there is 
an acceleration. In order to help him 
become familiar with these stumbling 
blocks it is proper to consider the sim- 
pler cases of motion, which is the usual 
practice in physics. Yet so much em- 
phasis is placed on motions in which 
the acceleration is constant that some 
students cannot then conceive of a mo- 
tion with variable acceleration. It 
should be pointed out that the familiar 
equations of motion as taught in most 
physics courses are, after all, only equa- 
tions for a special case, and that the 
general equations are really those deriv- 
atives and integrals relating displace- 
ment, velocity, acceleration, and time. 
Likewise, a particle moving on a cir- 
cular path is almost invariably said 
to be subjected to a radial and a tangen- 
tial acceleration. This is a convenient 
method which is readily grasped by the 
student. But should we not go on to 
point out that, after all, the particle has 
one and only one acceleration and that 
the radial and tangential accelerations 
are really only components of this one 
acceleration? Such a conception is al- 
most a necessity when general curvi- 
linear motion is considered. 

Most students are extremely vague 
when they are asked to define the term 
mass, and are apt to say that the mass 
of a body is the quantity of matter com- 
posing the body, or is a property of the 
body. Some will say that it is equal 
to the weight of the body. Most phys- 
ics textbooks contain the statements 
that mass is a measure of the quantity 
of matter in a body and that mass is a 
property by virtue of which the body 
possesses inertia. Some texts state 
that a body possesses mass by virtue of 
it inertness. Thus we seem to go in a 


724 


circle, defining mass in terms of in- 
ertia, and inertia in terms of mass. 
Perhaps we can do no better than that, 
but it certainly leaves the student a bit 
vague. We should at least emphasize 
the fact that bodies of equal mass must 
be given equal velocities in equal times 
when acted upon by equal forces. We 
should also point out that Newton 
proved experimentally that bodies of 
equal mass, according to this definition, 
are acted upon by equal gravitational 
forces, thus establishing the fact that 
the weight of a body is proportional to 
its mass. We should be especially care- 
ful to clarify the reasons why the weight 
of a given body varies depending upon 
the location of the body and the method 
of weighing and to explain when the 
weight of the body may be used to 
measure the mass. 

Newton’s Laws of Motion are not 
clearly understood by many students. 
Usually the student completing his 
course in physics can recite these laws, 
but quite often he cannot explain them. 
This tendency is not so pronounced 
with respect to those laws generally re- 
ferred to as Newton’s First and Sec- 
ond Laws, although many students fail 
to realize that all problems in equilib- 
rium are within the scope of the first 
law. The large amount of misunder- 
standing is in connection with New- 
ton’s Third Law. The student expects 
to find both the action and reaction on 
the same particle. If the particle is in 
equilibrium under the action of two 
forces, the student feels that one force 
is the action and one the reaction. He 
forgets that those two forces must be 
exerted by two other particles and that 
the reactions are the forces on these 
other particles. For this particular 
case the results are satisfactory ; hence 
the student feels that his view is the 
correct one. However, he will subse- 
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quently be confronted with the case of 
a particle acted upon by one force only 
so that it has acceleration. If he then 
visualizes the reaction as an equal and 
opposite force acting on the same par- 
ticle, he will have balanced the force 
system so that no acceleration could 
exist. That such a reaction does not 
exist must be emphasized if the student 
is expected to believe Newton’s Laws. 
It cannot be over-emphasized that a 
clear understanding of Newton’s Third 
Law is a prerequisite to the use of free. 
body diagrams. 

Closely allied to the misconceptions 
concerning Newton’s Laws is the wide. 
spread misuse of D’Alembert’s Prin- 
ciple. This principle merely permits 


‘the equations of motion to be written as 


equations of equilibrium. It is usually 
applied by imagining a force acting on 
the particle in a direction opposite to 
that particle’s acceleration, and equal 
in magnitude to the product of the 
mass times the acceleration. This im 
aginary force is usually called the “in 
ertia force.” Then, since the resultant 
of the real forces equals the product of 
mass times acceleration, the “inertia 
force” is the equilibrant of the resultant 
force. Thus the equations of equilib 
rium may be applied. The particle is 
said to be in “dynamic equilibrium.’ 
Many textbooks ascribe great com 
venience to this method, but when one 
remembers that all that is really done 
is to transfer the mass-times-accelera- 
tion term from one side of the equation 
to the other, the great convenience dis 
appears. Furthermore, it is difficult 
to keep in mind that the “inertia force’ 
is purely imaginary. In the case ofa 
body moving on a horizontal circulat 
path the “inertia force” is mistakenly 
called the centrifugal force. It is for- 
gotton that the only real forces acting 
on the body are the gravitational fore 
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and the force exerted by the cord 
or restraining object. It is also 
forgotten that the radial component 
of the force exerted by the cord 
has one function only, namely, to 
produce the radial acceleration required 
to keep the body on its circular path. 
It does not exist to balance the “in- 
ertia force.” In extreme cases, some 
students may even view the “inertia 
force” as a force urging the body out- 
ward, thus requiring the cord to exert 
an inward pull on the body to prevent it 
from moving outward. Similarly, the 
“inertia force” may be used to explain 
why a block being accelerated to the 
right by a force applied below its cen- 
ter tips “backward.” Of course, such a 
block will tip to the left, but it does not 
actually tip backward. Instead, the 
lower part is simply accelerated to the 
right at a more rapid rate than the up- 
per part. The student will remember 
that the upper part of his body seems to 
go backward as he stands in a streetcar 
that is accelerating, therefore, he will 
reason that the “inertia force” tips him 
backward. He forgets that the acceler- 
ating force is being transmitted to his 
body through his feet and legs and that 
this force produces a torque about the 
center of gravity of his body. This tor- 
que will cause him to fall backward with 
respect to the car unless he leans for- 
ward so that the normal pressure 
against his feet can produce a balancing 
torque. In any event, he forgets that 
the backward motion is only relative 
to the car. In view of the misunder- 
standings that may arise from the use 
of the “inertia force,” is it worth the 
tisk? The idea of “dynamic equilib- 
rium” is inherently antagonistic to 
Newton’s Laws of Motion anyway, so 
if we are to rely on those laws, and rely 
on them we must, why permit any con- 
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ception that is not in agreement with 
them? 

Many students in mechanics are in- 
sistent that concise and simple defini- 
tions be given for moment of inertia and 
radius of gyration of a body. Some 
textbooks attempt such definitions while 
others merely show that the terms 
mr? or fp*dm appear in certain mo- 
ment equations, and state that the value 
of these expressions for any finite body 
is known as the moment of inertia. The 
latter is the only real definition possible, 
and should be used. If it is used, and 
is supplemented with explanations, . it 
will give the student a better conception 
of moment of inertia than some artificial 
definition. The fact that similar inte- 
grals referring to areas are also en- 
countered in engineering, and that these 
integrals are also called moments of in- 
ertia, is all the more reason for using 
this method. A similar treatment of 
radius of gyration should be made. If 
radius of gyration is defined as the dis- 
tance from the axis of rotation to a 
point at which the entire mass of the 
body could be concentrated without al- 
tering the moment of inertia, it is im- 
plied that the body has only one radius 
of gyration. Actually it has a radius 
of gyration for every such axis. Fur- 
thermore, the false idea that the radius 
of gyration is some measurable distance 
is established in the student’s mind. 

Finally, students in mechanics have 
so much trouble with units that it seems 
desirable to be more rigorous with units 
in preceding courses. In the physics 
course, students make many conver- 
sions of units so that they should be- 
come accustomed to giving proper at- 
tention to units in that course. Such 
conversions should not be made by use 


” 


3,600 





of constants such as to convert 
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miles per hour per second to feet per 
second per second until the student first 
has learned that he is really multiplying 
mi. sg 1 hr. 5,280 ft.. 
hr. X sec. 3,600 sec. 1 mi. 
der that the miles and hours cancel out 
to leave feet per second per second. In 
writing equations and formulae, the 
student should learn that the two sides 
of the equality must be equivalent with 
respect to units as well as with respect 
to numerical values, and he should form 
the habit of checking both of these 
equalities rather than just the numerical 
value. 

In conclusion, the writer believes that 
most of the deficiencies and erroneous 
ideas that students have stem from too 
little time having been allocated to the 
various courses. The question of how 
much time should be devoted to 
courses in pure science and the hu- 
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manities compared to the time devoted 
to the professional courses is an old 
one, and an important one. There are 
people who say that engineering edu- 
cation lags five years behind engineer- 
ing practice, and that may be partly 
true. Certainly it is not true of the 
courses in pure science and the hu- 
manities. If it is true of the profes- 
sional courses, then we should consider 
whether or not all of the time spent on 
those courses is justified. Perhaps an 
increased amount of time spent on the 
fundamentals, which do not change ap- 
preciably, would give better results. 
The records of future graduates with 
degrees in engineering physics will be 
pertinent and informative as should be 
the records of former graduates in gen- 
eral science, particularly those having 
had considerable exposure to the engi- 
neering attitude. 
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Hydrographic Surveying in the Civil Engineering 
Curriculum 


By M. O. SCHMIDT 


Assistant Professor of Civil Engineering, University of Illinois 


Foreword.—During the past several 
years there has been a tendency among 
civil engineering curriculum shapers to 
compress and trim the extent of sur- 
veying instruction. The elimination 
of such branches as Mining Surveying 
and the abbreviation of plane-table in- 
struction typifies such action while the 
introduction of Photogrammetry illus- 
trates the progressive attitude that 
should be accorded this fundamental 
civil engineering subject if it is to be 
adequately and efficiently presented to 
the student. Hence, a brief considera- 
tion of the suitability and need to de- 
vote a small portion of the allotted time 
to hydrographic surveying and stream- 
discharge measurement seems desirable. 

Although hydrographic surveying is 
practiced by men of civil engineering 
training, few, if any of them, antici- 
pated during their academic years of 
engaging in such an activity. Events 
of the past five years have served to 
emphasize the importance of maps and 
charts and the probable requirements 
of the future indicate, among other 
things, that maps, charts, and water re- 
sources data will be indispensable in 
the development of ocean and inland 
waterway transportation and in the 
efficient and economical control and 
utilization of the waters of our rivers. 

Hydrography is that branch of ap- 
plied science which deals with the 
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measurement and description of the 
physical features of the navigable por- 
tion of the earth’s surface and the ad- 
joining coastal areas. Hence, it in- 
cludes many activities ranging from 
astronomic observations, triangulation, 
topographic surveys, tide and current 
studies to magnetic surveys, oceanog- 
raphy, and sounding operations. From 
a broad point of view the term, hydro- 
graphic surveying, includes all the 
above activities and has as its principal 
object the procurement of data neces- 
sary for the compilation of a nautical 
chart. The U. S. Coast & Geodetic 
Survey of the Department of Com- 
merce and the Hydrographic Office of 
the U. S. Navy have been especially 
active during the war years executing 
hydrographic surveys of many types. 
In spite of the remarkable advances 
made in navigation methods, there will 
always remain the need to have accu- 
rate, adequate, and up-to-date charts 
since without such charts lighthouses, 
buoys, and other aids to navigation will 
not be related in position with respect 
to one another, the ship, and with sub- 
marine features, and topography. It 
would have been difficult to understand 
ten years ago why we here in the 
United States should have good charts 
of Tarawa and good maps of Italy but 
the events that have transpired since 
then have warned us that global maps 
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and charts may be needed at any time 
and that the completion not of a na- 
tional atlas but of a world atlas has 
become a vital necessity. A good part 
of this data can be judiciously bor- 
rowed in time of peace, 

Few engineers are conversant with 
the work of the U. S. Lake Survey 
whose primary function is to execute 
hydrographic surveys of the Great 
Lakes and to insure with its charts the 
safety of water-borne commerce from 
Duluth to the St. Lawrence River. 
These surveys cover not only the in- 
shore waters and the open lakes, but 
a strip along the shore as well so that 
landmarks are provided for navigation. 
The width of this strip is generally 
about a half-mile and is fully controlied 
by the primary triangulation net cover- 
ing the Great Lakes which was estab- 
lished by the Lake Survey Office be- 
tween 1865 and 1875 and which has 
since been supplemented by recent sur- 
veys. It is interesting to mention that 
Professor J. B. Johnson, one of the 
earliest presidents of S.P.E.E., worked 
as an Assistant Engineer on these 
early lake surveys. The U. S. Corps of 
Engineers has had much to do with the 
improvement of our many river avenues 
of transportation and the comprehen- 
sive Rivers and Harbors Bill recently 
passed by the Congress promises a vast 
program of internal waterway improve- 
ment. The Canalization of the Upper 
Mississippi River is an outstanding ex- 
ample of this type of activity. The 
erection of many dams in the West 
impounding the waters of silt-laden 
streams has stimulated a great deal of 
study concerning the accumulation in 
the reservoirs of sediment whose depth 
and extent would be revealed by a well- 
executed hydrographic survey. The 
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decision as to whether the St. Lawrence 
Waterway should be built depends, it 
is true, largely upon political considera. 
tions, but factual hydrographic survey 
data are required for any kind of an 
engineering analysis. The results of 
hydrographic surveys are also valuable 
for the study of beach erosion and 
certainly for military defense. 

In general, then, the basic operations 
of making soundings and of locating 
these soundings and any features on 
or below the surface of a body of water 
should be known to the civil engineer 
and the teacher of surveying should be 
sufficiently familiar with the develop. 
ment of the art so that he can point 
out the methods in current use rather 
than resort to a demonstration of prac- 
tices which may now be obsolete. 

The measurement of stream flow is 
intimately related to the science of Hy- 
drology and is taught in some engineer- 
ing schools as a part of the hydrology 
course. There are, nevertheless, many 
colleges whose civil engineering cur- 
ricula do not include hydrology. 

The requirements of our war in- 
dustries and of our growing cities have 
demonstrated that a plentiful supply of 
water of good quality is one of the most 
valuable assets of any community, state, 
or nation. 

Any kind of planning whether it be 
local or regional is essentially an en- 
gineering process and water planning, 
dealing as it does with one of the most 
important natural resources of the 
country, requires adequate information 
on the variations in stream flow, the 
quantities of water available and the 
ranges of stage that may be expected. 
Such information is essential to the de- 
sign and construction of hydraulic 
works of all kinds, including struc- 
tures for flood protection, navigational 
developments, irrigation systems, and 
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municipal supplies. Such data are also 
required for the establishment of rail- 
road and highway elevations and the 
design of bridge and culvert openings. 

Since 1895 the Water Resources 
Branch of the U. S. Geological Survey 
has been carrying out a systematic 
program of stream-flow measurement 
and run-off compilation and its many 
hundreds of water supply papers rep- 
resent data of inestimable value to the 
nation. This organization employs a 
relatively small number of engineers 
all of whom are civils since the Survey 
feels that civil engineering training is 
required to inculcate the professional 
attitude towards stream flow measure- 
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ments that the Survey so much desires. 
Furthermore, a higher degree of com- 
petency for dealing with hydrological 
and meteorological studies is thereby 
insured. 

The preceding discussion may serve 
to justify the small amount of time that 
is spent at our summer survey camps 
in hydrographic surveying and may be 
sufficient encouragement to the indi- 
vidual teacher of surveying who does 
not now treat of this subject to devote 
a few classroom hours to an exposition 
of the mechanics of such operations 
and to develop some small degree of ap- 
preciation in the student of this branch 
of surveying. ' 








































Summary Report of National Conference on 
International Educutional Reconstruction* 


By S. S. STEINBERG 


Dean, College of Engineering, University of Maryland 


At the request of President Croft of 
the Society, the speaker attended this 
Conference in Washington, D. C., on 
November 22 and 23, 1946, convened 
by the Commission for International 
Educational Reconstruction as an 
American contribution to the celebra- 
tion of UNESCO month. Leaders of 
more than 100 national organizations— 
educational, scientific, civic, religious, 
relief and labor—attended to consider 
the plight of youth and the condition of 
education in the war-devastated coun- 
tries. At the end of the two-day ses- 
sion the delegates to the Conference 
returned home convinced that if peace 
is to be preserved, the United States 
must do more than provide relief for 
the war-devastated countries in the 
form of food, clothing and medicines. 
They agreed that vast voluntary efforts 
are needed to aid the victims of war to 
rebuild their schools and educational 
systems, their libraries and museums, 
their universities and _ laboratories. 
They were convinced that the success 
of UNESCO, the educational arm of 
United Nations, depends on restoring 


educational opportunity to all countries , 


of the world; and the rehabilitation of 
the mind is as important as rehabilita- 
tion of the body. 


* Presented at the meeting of General 
Council, American Society for Engineering 
Education, Chicago, December 17, 1946. 
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All participants in the Conference 
agreed that speedy action is needed 
to save the “lost generation” of the 
countries occupied by the enemy. 
These youths, aged 10 to 20, have suf- 
fered hunger, cold, disease and _ the 
terrors of war and enemy occupation. 
Their education has been neglected or 
has been received almost entirely un- 
der Axis direction. It seemed to the 
conferees that both humanitarianism 
and enlightened self-interest demand 
that these youths receive at least a 
minimum education. If they remain 
uneducated, semi-literate, unskilled, 
unable to aid in the rehabilitation of 
their countries, then they may become 
embittered and follow authoritarian 
leaders. If neglected today they may 
become the soldiers whom our children 
must face on the battlefield tomorrow. 

Reports presented at the Conference, 
both verbal and with motion pictures 
taken by the U. S. Army and special 
investigators, showed that two years 
after liberation, thousands of children 
in Europe are still without schools and 
still lack even the simplest educational 
materials, such as books, pencils and 
paper. In some of the countries more 
than one-third of the school buildings 
have been destroyed or badly damaged. 
Few teachers have been trained since 
the beginning of the war. Libraries 
and museums have been stripped of 





ce on 
ion 


e Conference 
on is needed 
ation” of the 
the enemy. 
20, have suf. 
ase and _ the 
y occupation. 
| neglected or 
- entirely un- 
eemed to the 
nanitarianism 
rest demand 
e at least a 
they remain 
e, unskilled, 
abilitation of 
may become 
authoritarian 
lay they may 
1 our children 
1 tomorrow. 
e Conference, 
tion pictures 
y and special 
at two years 
s of children 
t schools and 
st educational 
, pencils and 
yuntries more 
ool buildings 
dly damaged. 
trained since 
r. Libraries 
_ stripped or 








burned. The motion pictures were 
most revealing ; they clearly showed the 
deprivations, the devastations, the mis- 
eries and the handicaps which the 
youth, as well as their elders, have suf- 
fered and are now facing. 

Among the major recomendations 
of the Conference were the following: 


1. The urgent importance of provid- 
ing educational supplies and materials. 
It was recommended that these be al- 
lotted without discrimination as to 
race, creed, color or political belief and 
that aid not only go to the former al- 
lied nations but to displaced children 
and to former enemy nations as well. 

2. Steps should be taken to see that 
those aided are those in greatest need 
and to insure adequate reporting from 
recipient to donor. 

3. Increased efforts by Federal, in- 
dustrial and private agencies to meet the 
utter lack in many areas of books and 
periodicals was recommended with the 
suggestion that such aid be provided 
for at least two years. 

4. It was urged that special assistance 
be provided to teachers, including finan- 
cial assistance to permit them to buy 
basic essentials since inflation has im- 
poverished the teaching profession in 
most countries. 

5. The Conference emphasized the 
importance of educational missions of 
all types. Foreign educational leaders 
should be brought to the United States 
for short periods of observation and 
study, and expert educational advisors 
should be offered to the war-devastated 
countries. 

6. The provision of thousands of 
fellowships and scholarships in Ameri- 
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can universities for advanced foreign 
students was urged. To this end the 
passage of the Bloom Bill and the 
speedy implementation of the Ful- 
bright Act were favored. Study grants 
are particularly needed now for ma- 
ture experts in technical and educa- 
tional fields in which marked advances 
have been made in the United States 
during the war years. It was urged 
that visas and immigration laws be re- 
laxed in order to permit freer travel 
by foreign students. Larger fellowship 
stipends for foreign students were rec- 
ommended. It was suggested that 
orientation courses be provided to help 
foreign students adapt to American 
ways and conditions. 

7. The State Department was urged 
to appoint more American cultural at- 
taches abroad to bring about better re- 
porting about educational conditions 
and to approve selection of candidates 
for fellowships. 

8. The importance of “volunteer serv- 
ice groups,” sometimes known as “ed- 
ucational work camps,” was urged in 
order to provide American students 
with an opportunity to join with the 
students of other countries in rebuild- 
ing destroyed schools and other public 
facilities. 

In closing, the speaker would add 
that not until one attends a conference 
such as this, and learns at first hand 
the conditions that confront the youth 
of the war-devastated countries, does 
one fully realize how blessed we were 
as a nation and as individuals that the 
late war did not actively touch our 
shores. 








Quick Courses in Reading Foreign Language for 
Science and Engineering Graduate Students“ 


By WILLIAM N. LOCKE 


Head, Dept. of Modern Languages, Massachusetts Institute of Technology 


Advanced students and research men 
in science and engineering need to be 
able to consult important technical pub- 
lications in other languages. To help 
them get the essential minimum under- 
standing, new courses in reading sci- 
entific French, German, and Russian 
have been developed at the Massachu- 
setts Institute of Technology. This is 
a brand new type of course with meth- 
ods adapted to its specific aim of teach- 
ing the individual graduate student in 
one semester to read technical material 
in his own field. 

All Doctoral candidates at M.I.T. are 
required to “demonstrate to the Depart- 
ment of Modern Languages the ability 
to read scientific literature in their 
field of specialization in English and 
in two other modern languages accept- 
able to the department in which they 
are enrolled.” Master’s degree candi- 
dates in some fields are required to have 
a reading knowledge of one ntodern 
foreign language. These requirements 
are met by the translation at sight of 


*In answer to a question: “Are the meth- 
ods of language instruction available to 
graduate students pitched at a mature level 
and aimed to develop systematic language 
habits in keeping with other disciplines of 
graduate instruction?” from “A Manual of 
Graduate Study in Engineering,’ by the 
Committee on Graduate Study of the S.P.- 
E.E., THE JouRNAL OF ENGINEERING Epu- 
cATION, Vol. 35, No. 10, June 1945. 
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a page or two of technical material into 
clear, idiomatic English. But the great 
problem in this connection has been 
how the student was to get a sufficient 
knowledge of the technical foreign lan- 
guage to pass an examination, without 
taking up a great deal of his valuable 
time. 

Until 1945 students were left to their 
own devices to get ready for the lan- 
guage examinations. To be sure, they 
could take one or more of the under- 
graduate courses, the purpose of which 
at the elementary stages was to give a 
general view of the language, a founda- 
tion on which to build a reading or 
speaking knowledge of the languages; 
but these courses were not specifically 
designed to prepare for reading sci- 
entific material. If the graduate stu 
dent could afford to spend time enough 
to go on into the third and fourth 
semesters of the undergraduate lan- 
guage courses, there he would read 
technical material in the various fields. 
If he were fortunate enough to have 
studied some German, and _ possibly 
French, as an undergraduate or in 
high school, then by some careful read- 
ing of technical literature, he could pre- 
pare himself for the language require- 
ment without taking further courses. 
Some men with no previous knowledge 
of the languages they needed even pre- 
pared themselves entirely alone, with- 

























me | 


—go <2 = go 2 zz" oa 


nie te tet Ca. 2 ee Oa eet 


See ee ere ee 


uage for 
dents * 


Anology 


11 material into 

But the great 
tion has been 
get a sufficient 
al foreign lan- 
lation, without 
f his valuable 


re left to their 
y for the lan- 
» be sure, they 
of the under- 
‘pose of which 
was to give a 
age, a founda- 
a reading or 
he languages; 
1ot specifically 
' reading sct- 
graduate stu- 
d time enough 
d and fourth 
graduate lan- 
> would read 
various fields. 
ough to have 
and possibly 
aduate or in 
- careful read- 
he could pre- 
uage require- 
ther courses. 
us knowledge 
ded even pre- 
- alone, with- 


out the help of any courses, only pos- 
sibly some assistance from a roommate 
or friend. It was said that the average 
amount of time needed to prepare a 
man through self-study was 250 hours. 
Thus, the lack of any effective assist- 
ance to graduate students in preparing 
for the reading requirement made it a 
much more difficult hurdle than it 
needed to be. 

At other technical and _ scientific 
schools throughout the country, the 
problem has been similar, and although 
there have been some attempts to help 
graduate students in getting by the 
language requirement, this has gener- 
ally, been an extension of the assist- 
ance-from-a-roommate-or-friend idea, 
with a member of the staff sitting down 
with a few students to read foreign lan- 
guage material with them. The prob- 
lem used to be further complicated at 
M.L.T., and still is at some other in- 
stitutions, by the fact that the men were 
required to be able to read the literary 
as well as the scientific language, or 
even instead of the scientific language. 
It is obvious that there are large dif- 
ferences of construction and vocabulary 
between these two types of language. 

The relative simplicity of the prob- 
lm at M.I.T. now, namely, the fact 
that the student need read only techni- 
cal material in his own field, made it 
seem that some simple and direct solu- 
tion should be possible, avoiding the 
waste motion inevitable in self-study 
and, by the use of experienced teachers, 
reducing the time needed to a minimum. 

In the summer of 1945, the Depart- 
ment of Modern Languages presented 
to the Graduate School Committee at 
the Institute a plan for setting up grad- 
uate courses in German, French, and 
Russian. These courses would be open 
only to graduate students and they 
were to be only one semester long. 
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They would dispense with the formal 
study of grammar, make no attempt to 
teach the men to speak or to understand 
the spoken language, but would con- 
centrate solely on reading technical ma- 
terial in their own field. The question 
was immediately asked, how would it 
be possible to have graduate students 
from ten or twenty different fields in 
a single course? The answer was that 
all the men would meet together once a 
week for discussion of linguistic pe- 
culiarities common to all fields, such as 
case formation, verb tenses, and sen- 
tence structure; then the representa- 
tives of each different field were to have 
separate section meetings twice a week 
where they would do their reading. 

This treatment of language purely as 
a tool has been criticized at the In- 
stitute and outside. It is true that 
modern languages are spoken lan- 
guages, and if you neglect the hearing 
and speaking of them you have reduced 
them to dead languages. It is true that 
language can be an introduction to the 
civilization of the foreign country, 
leading to a better understanding of 
the world and ourselves. Yet what 
graduate students in science and engi- 
neering specifically need is a tool, a 
key to unlock the door to the scientific 
literature in a foreign language. To 
give them this key as quickly and effi- 
ciently as possible was the purpose of 
these new courses. 

The first course was in German and 
was offered in the fall of 1945. Many 
of the students and even some of the 
instructors doubted whether it would 
really be possible in one semester to 
accomplish enough to get men ready 
for the reading requirement examina- 
tion. Sixty-six men took the course. 
By the end of the first month, those who 
had had considerable German previ- 
ously were doing very well, but those 
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with no previous study were discour- 
aged ; the intricacy of German thought 
patterns was overwhelming. So a 
fourth hour per week was added on an 
entirely optional basis, during which 
beginners and any others who felt 
particularly weak were able to bring up 
problems, no matter how small, and 
get them thrashed out in a way which 
was impossible in the large group where 
the situation was likely to be to some 
extent dominated by the majority who 
had had some German. In the middle 
of December, something happened. 
The men with the poor background in 
German, or none, suddenly found that 
it was beginning to make sense. From 
then on it was obvious that the experi- 
ment was going to work and at the end 
of the semester sixty-two out of sixty- 
six men in the course passed the read- 
ing requirement. All but one who had 
ever had any previous German passed, 
and of sixteen with none, all but three 
passed. The aim of the course was 
achieved. It could be done. But an- 
other hurdle lay ahead. Could it be 
done in Russian? 

Thirty-six hardy souls started in the 
course in Russian in the spring of 1946, 
many feeling that they were doing it 
against their better judgment. Several 
were members of the Institute staff 
who were only taking it for their own 
satisfaction. At the end of the semes- 
ter, twenty-three men took the reading 
requirement examination; 16 passed. 
Even some of those who failed ex- 
pressed satisfaction at the amount of 
progress that they had made in the 
course. The feeling of those who had 
studied French or German previously 
seemed to be that except for the al- 
phabet, scientific Russian is not any 
harder than scientific German. This 
should encourage others to attempt 
Russian, since there is no doubt that 


QUICK COURSES IN READING FOREIGN LANGUAGES 


is so small that one could hardly claim 
























in many fields the Russians are noy 
publishing scientific material of greg 
importance. This is particularly tre 
in chemical engineering, where Do. 
toral candidates are now being advised 
to take German and Russian instead of 
German and French. 

In the same type course given i 
French in the summer of 1946, seventy. 
four men were enrolled, sixty-five took 
the examination and sixty-four passed, 
These results seem to prove what 
everyone always suspected, that a 
French gets more technical, it gets 
more like English and therefore easier; 
whereas German, as it gets more tech. 
nical, gets harder. Russian, fortu- 
nately, uses large numbers of word 
borrowed from German and French in 
the technical language so that it, too, 
is easier in technical than in literary 
works. 

The German course was offered 
again in the fall of 1946 and the in- 
creased number of graduate students 
at the Institute plus enthusiastic re 
ports on the part of men who had taken 
the various courses earlier, brought 
143 men to the first meeting, among 
them several from Harvard under a 
reciprocal plan whereby graduate 
courses in each institution are open to 
students of the other. One hundred 
thirty-nine took the reading require: 
ment examination; 132 passed. The 
reduction in the percentage failing from 
6 per cent in 1945 to 5 per cent in 1946 


any improvement in teaching tech 
niques. However, an increased number 
of favorable comments on the part of 
the students both during the course and 
after the examination shows that the 
course was more effective the second 
time than the first. 

We mention comments from students 
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from students 





because never in the experience of the 
men in the Department of Modern 
Languages at M.I.T. have so many 
students come in voluntarily to tell how 
much they enjoyed a course and how 
much they felt they were getting out 
of it—one man said he enjoyed the 
German course more than any other he 
was taking at the Institute. It must be 
that the men feel that here is a course 
which sets out to do something and 
does it, with constant attention to the 
purpose and eliminating all extraneous 
material. The average amount of time 
spent. per man seems now to be about 
175 hours, as opposed to the earlier 
250 hours. 

The choice of reading matter used in 
the reading sections of the courses is 
perhaps of interest. No textbooks 
specialized according to fields of study 
are available except in German for 
chemistry. Even many of these are not 
satisfactory because the material in 
them has been edited and simplified. 
At Tech the material used is chosen 
from foreign books or periodicals, the 
only editing being the arranging of 
selections so that the easier ones, 1.¢., 
those most like English in vocabulary 
and syntax, are read first. There is 
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no simplification of the original text, 
nothing translated from English into 
the foreign tongue to be retranslated 
back by the students. All the work is 
on a mature level, and the later selec- 
tions in the course represent some of 
the more advanced work done in the 
foreign country. Some of it opens up 
new fields to the graduate students and 
one Doctoral thesis now being written 
at the Institute is a direct outgrowth 
of work read by the student in the 
aeronautical engineering section of the 
German course. Suggestions for the 
choice of reading material often come 
from the students or their own depart- 
ments as well as from instructors in 
language who are constantly on the 
lookout for new material. 

These graduate language courses are 
tool courses, leaving the cultural values 
of language study entirely to one side. 
However, there has been a real need 
for a practical approach to the language 
problem of the graduate student in 
science and engineering. The one-sem- 
ester scientific reading courses at 
M.I.T. help him get the reading knowl- 
edge he needs in a minimum of time 
and with the least possible waste mo- 
tion. 



































For a number of years the Civil En- 
gineering Department of The Johns 
Hopkins University has conducted a 
Seminar which we believe is unique in 
both method and accomplishment. It 
involves directly only the fourth year 
undergraduate students. Both they and 
the Staff agree that this weekly hour 
is the most enjoyable and profitable one 
in our curriculum. The purpose of this 
brief paper is to record the objectives, 
methods, and results of the Seminar for 
the guidance of those who may wish to 
consider a similar undertaking. 

The objectives of the Seminar are: 
to provide a practice forum, in an at- 
mosphere of great informality, in which 
to gain experience and confidence in 
self-expression ; to widen horizons and 
afford vistas into fields other than en- 
gineering; to teach how to organize 
and conduct in an orderly fashion a 
meeting of interest and wills which are 
often in conflict ; and to let one see, at 
an early age, what one’s own manu- 
scripts look like in type and to sense the 
thrill of authorship. 

To attain these objectives we have 
developed over the years a program 
which we think works successfully. 
The first semester is given over almost 
entirely to instruction and practice in 
speaking—not in oratory, but in clear, 
convincing speech. The sections are 
small enough to warrant that nearly 
every time we meet everyone will have 
a chance to speak before his group. 
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Seminars Can Be Fun! 


By J. TRUEMAN THOMPSON 


Professor of Civil Engineering, Johns Hopkins University 


He begins perhaps by telling, for a 
minute or two, of a movie he has re- 
cently seen or of what he did during 
the summer. Gradually he is led along 
to discussions of greater importance, 
culminating, perhaps, in a ten minute 
argument in favor of some local civic 
improvement before his section, sitting 
as a critical, if fictitious, City Council, 

And all the while he is being helped 
by friendly criticism. Generally he is 
his own most valuable critic, for early 
in the game we record one of his first 
efforts and give him the disk so that 
he may hear himself as others hear him. 
It seldom fails to promote improvement, 
especially in diction. And, as an en- 
couraged act of section participation, 
he gets advice from his peers. What 
they fail to catch, his instructors are 
likely to pick up. 

It is fair to ask, at this point, where 
one may find qualified instructors in 
sufficient numbers to keep the sections 
small. In our experience, one doesn't 
find them, he makes them! The aver- 
age teacher of engineering with an 
above-average interest, even though 
inexperienced in this field, will make a 
good section leader with the help of a 
few coach-conference suggestions and 
the use of one or two of the many texts 
that are available. 

Toward the end of the first semester, 
instruction and practice in parliamen- 
tary procedures are begun. This is in 
preparation for the second semester im 
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SEMINARS CAN BE FUN! 


which the Seminar is conducted as 
though it were, let us say, a local sec- 
tion of a Professional Society. “Rob- 
ert’s Rules of Order” becomes our 
Bible; the functions of officers are un- 
derstood ; a constitution and by-laws of 
our own making are drawn; weekly ro- 
tation of officers is provided for ; a gavel 
and a minute book appear; and lastly 
and most importantly, a program of 
speakers for the weekly meetings of the 
second semester is adopted. 

These weekly meetings, which are 
tun by the Seniors, are scheduled at 
an hour that permits maximum attend- 
ance of Staff and graduate students. 
And, mirabile dictu, Art students have 
been known to put in an appearance, 
attracted by the variety of the programs 
(we encourage non-engineering sub- 
jects as far as possible) and the liveli- 
ness of the discussions. 

The business portion of the agendum 
iswhere most of the fun comes in. Re- 
versing usual practice, we put this last 
in our agenda because sometimes we 
become so entangled in parliamentary 
tape that it is past quitting time before 
we can extricate ourselves. But the 
boys love it and even though the busi- 
ness itself is unimportant and is largely 
manufactured in advance by those who 
aren’t going to-be officers that day, the 
ptinciples are worth fighting for and 
the battle of wits goes on to a final con- 
clusion, sometimes even in the face of 
the undebatable motion to adjourn. 
We've found a way to get around that 
one! Sa he 

The subjects of the papers of the 
second semester are chosen by the stu- 
dents from a list prepared by the Staff. 
Preference is given to non-engineering 
subjects, for it is a studied purpose of 
the course to engender interest in a 
variety of fields. The following few 
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titles are illustrative of the many that 
have been used: 


An Enginéer’s Reflection on Penol- 
ogy 

Mohandas K. Gandhi—A Thorn in 
the Lion’s Paw 

The Financial Plight of our Cities 

Socialized Medicine 

Conservation Policies in Maryland 

The Industrial Revolution in the 
Southern States 

The Evolution of American Archi- 
tecture 

Controversies in Organized Labor 


Well in advance of its presentation, 
the paper must be reviewed by a Staff 
member. We use this as an opportu- 
nity not only to reassure ourselves that 
our people can write, but that they are 
aware of the manner in which a manu- 
script should be prepared for publica- 
tion, say in a professional journal. Ac- 
cordingly, we rather rigidly prescribe 
the format—cover sheet, index, text, 
conclusions, bibliography, etc. 

We also believe that it is good to in- 
culcate a sense of pride in authorship. 
So as soon as the paper is approved we 
reproduce it in sufficient quantity that 
everyone in the Seminar may have a 
copy. At the end of the year these may 
be bound in some inexpensive way and 
form not only a useful reference source 
but a pleasant souvenir as well. 

When the paper is presented it is 
not read from manuscript but is given 
extemporaneously from notes on a 
couple of inconspicuous cards. The 
speaker is introduced by the Chairman, 
uses, if he cares to, a projection device 
for his illustrations, and, finally, de- 
fends his conclusions in the ensuing 
discussion by his fellow students and 
the Staff. 

The arrangements pictured above may 
appear somewhat formidable, but in 
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reality they are not. It is not to be 
denied that the Staff, and particularly 
the person in charge of the course, is 
put to some trouble, but we think the 
time, energy, and trivial amounts of 
money which we spend yield magnifi- 
cent returns. 

The sine qua non of such a Seminar 
is interest, and its lubricant isfun! We 
have developed an unusual interest on 
the part of our Staff and this is con- 
tagious among the students. The con- 
tagion is incubated in a medium of en- 
joyment. They enjoy the relief from 
technology afforded by the chance to 
hear from one of their fellows what he 
has learned by special study and inter- 
views in the fields of sociology, politics, 
international relations, economics, labor, 
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religion, art. They respectfully en. 
joy the equality with Staff which mem. 
bership and equal votes in the Seminar 
give them. They enjoy the fun we hav 
in the make-believe business they con- 
coct to try out resolutions, motions, 
amendments and all the other devices of 
organized meetings. And, “Whisper 
it not in the streets of Ascalon . .? 
they sometimes enjoy the ineptitude of 
presiding officers at professional meet- 
ings to which they are purposefully 
taken. 

And all the while they are using 
speech—using it consciously and pub- 
licly and with the help of constructive 
criticism. That, after all, is what the 
Seminar wants most of all to accom 
plish. We are pleased with it. 
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New Members 


BenISH, ANTHONY A., Assistant Professor 
of Civil Engineering, University of Texas, 
Austin, Texas. V. L. Doughtie, W. R. 
Woolrich. 

Bucuta, J. Witi1amM, Chairman, Dept. of 
Physics, University of Minnesota, Min- 
neapolis, Minn. B. J. Robertson, T. E. 
Murphy. 

ConTE, FRANK J., Dean, Pre-Engineering 
Curriculum, Associated Colleges Upper 
N. Y., Mohawk College, Utica, N. Y. 
E. B. Phillips, J. A. Dunlop. 

Durrin, Dantet J., Editor, Industrial and 
Business Libraries, McGraw-Hill Book 
Co, N. Y. C. J. W. Wight, J. W. Taylor. 

FuLLING, JoHN C., Personnel Supr., Engi- 
neering, E. I. duPont de Nemours & Co., 
Inc., Wilmington, Del. T. H. Chilton, 
M. J. Bergen. 

Geer, Errnu, Assistant Professor of Civil 
Engineering, University of Detroit, De- 
troit, Mich. G. P. Hanley, Jasper Gerardi. 
GrirFis, WiLtt1AM K., Assistant Professor 
of Mechanical Engineering, University of 
Texas, Austin, Texas. V. L. Doughtie, 
W. R. Woolrich. 

GuiLLaRD, Eucene, Assistant Professor of 
Civil Engineering, University of Texas, 
Austin, Texas. V. L. Doughtie, W. R. 
Woolrich. 

HartMAN, JAMES B., Research Associate in 
Mechanical Engineering, Lehigh Univer- 
sity, Bethlehem, Pa. F. V. Larkin, B. K. 
Eldoss. 

Hocan, JoseruH C., Instructor. in Electrical 
Engineering, University of North Dakota, 
Grand Forks, N. D. C. H. Buchanan, 
P. J. Potter. 

Hover, JoserH P., Instructor in Civil Engi- 
neering, University of Detroit, Detroit, 
Mich. J. J. Uicker, G. B. Uicker. 
Howarp, Davip G., Professor of Electrical 
Engineering, U. S. Naval Academy, An- 
napolis, Md. J. Ellis, R. C. Turner. 
Kamm, Apert J., Assistant Professor of 
Drawing, University of Buffalo, Buffalo, 
N. Y. J. A. Beane, R. K. Smith. 
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KreIs_e, LeonarpT F., Instructor in Me- 
chanical Engineering, University of Texas, 
Austin,» Texas. B. E. Short, V. L. 
Doughtie. 

LinpsEyY, Epcar E., Assistant Professor of 
Chemical Engineering, University of Ten- 
nessee, Knoxville, Tenn. R. M. Boarts, 
N. W. Dougherty. 

LINVILLE, THomaAs M., Staff Assistant to 
Manager of Engineering, General Elec- 
tric Co., Schenectady, N. Y. P. L. Alger, 
A. C. Stevens. 

LittLe, Siwney W., Dean, School of Archi- 
tecture, University of Oregon, Eugene, 
Ore. F. L. Bishop, Nell McKenry. 

LoNGWELL, JoHN H., President, North Da- 
kota Agricultural College, Fargo, N. D. 
R. M. Dolve, H. S. Dixon. 

Moore, WALTER L., Associate Professor of 
Civil Engineering, University of Texas, 
Austin, Texas. V. L. Doughtie, W. R. 
Woolrich. 

OLIPHINT, JosePH B., Assistant Professor 
of Mechanical Engineering, University of 


Texas, Austin, Texas. B. E. Short, V. 
L. Doughtie. 
PaNANIDES, NicHotas A., Instructor in 


Mathematics and Engineering, Bakerfield 
Jr. College, Bakersfield, Calif. W. L. 
Johnson, F. L. Bishop. 

Perkins, Roy B., Instructor in Drawing, 
University of Illinois, Navy Pier, Chi- 
cago, Ill. R. P. Hoelscher, J. C. Chader- 
ton. 

RIpPERGER, EuGENE A., Instructor in En- 
gineering Mechanics, University of Texas, 
Austin, Texas. V. L. Doughtie, W. R. 
Woolrich. 

Rose, KenneETH E., Assistant Professor of 
Mechanics and Metallurgy, University of 
Oklahoma, Norman, Okla. R. V. James, 
F, G. Tappan. 

Saad, Micuer A., Instructor in Engineer- 
ing Mechanics, University of Texas, 

- Austin, Texas. P. M. Ferguson, W. M. 
Honour. 
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SmitH, Harotp W., Instructor in Electrical 
Engineering, University of Texas, Austin, 
Texas. V. L. Doughtie, W. R. Woolrich. 

SmitH, STANLEY A., Head, Architectural 
Engineering State College of Washington, 
Pullman, Wash. E. Moore, R. D. Sloan. 

TINNING, GeorGE M., Instructor in Engi- 
neering, Detroit Institute of Technology, 
Detroit, Mich. C. C. Winn, L. L. Henry. 

Upson, Ratpo H., Professor of Aeronauti- 
cal Engineering, University of Minnesota, 
Minneapolis, Minn. N. F. Ruszaj, H. C. 
T. Eggers. f 


Waite, Ricuarp A., Dean of the University 


Norwich University, Northfield, Vt. 
L. Dodge, L. E. Dix. 


Wiks, Ira E., Instructor in Enginee f 


Mechanics, University of Texas, Austin] : 
Texas. V. L. Doughtie, W. R. Wool & 


ZMESKAL, Otto, Director, Dept. of Metal 
lurgical Engineering, Illinois Institute } 
Technology, Chicago, Ill. S. E. Winste 


I. L. Hill: 
712 new members, 4-11-47 
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